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SUMMARY
B~Carbolines are t r i c y c l i c  compounds deriving from 
the condensation of indoleamines or tryptophan with f a i r l y  
e lec troph i1ic carbonylic compounds to form a fused 
benzene-pyrrole-pyridine r ing system (P ictet-Spengler  
r e a c t i o n ) . Previous investigation carried out with model 
systems proved the f a c i l e  formation of various tetrahydro-  
8 -ca rbo l ine -3 -carboxy lic acids (B-CCA) from tryptophan and 
react ive  carbonyls present in wood smoke, under conditions  
simulating those of foods during the ir  smoking process.  
The present work has been undertaken to investigate and 
confirm the actual occurence of such compounds in real  
smoked foodstuffs  of animal o r ig in .
Five representative 8-CCA were selected taking into 
account the high content of the i r  precursor aldehydes in 
smoke (formaldehyde, acetaldehyde, glycol aldehyde) and/or 
the f a c i l i t y  of the ir  formation during the model system 
experiments (benzaIdehyde and sal i cy 1aldehyde
de r iv a t iv e s ) .  They were synthesised fo l lowing methods 
based on the P ictet -Spengler  reaction as they were 
described in the l i te ra tu re ,  or by s l i g h t ly  modifying and 
a lte r in g  them. The structure of the synthesised products 
was confirmed using spot tests ,  melting points, elemental 
analysis  and spectrometric methods such as fluorescence,  
UV, 1HNMR, MS and 13CNMR spectroscopy. A method was 
developed for the iso la t ion  of these compounds from smoked 
so l id  foods. The samples were extracted with an aqueous 
acid ic  medium containing semicarbazide to prevent
art i fa c tua l  formation of B-CCA. The extract was pur i f ied  
on an XAD-4 resin containing, clean-up column. The eluate  
was concentrated, further pu r i f ied  by extraction with 
CHaCla and analysed by high performance l iqu id  
chromatography on a Spherisorb 0DS1 reversed phase column 
with gradient e lution and fluorescence detection. The 
quantitation was based on ca lcu lating  the ra t io  of the 
peak area of each compound to the peak area of the 
internal standard (serotonin creatinine su lp hate ) . The 
mean recovery of the method was about 76% for  the more 
hydrophilic der ivat ives  of formaldehyde, acetaldehyde and 
glycol aldehyde and 71% for  the more hydrophobic 
der ivat ives  of benzaldehyde and s a 1 icylaldehyde. Higher 
concentrations of analytes in the samples led to decreased 
recoveries.  The detection limit was lower than 25 pg/kg 
for  the more hydrophilic and 2 mg/kg for  the more 
hydrophobic group of compounds.
Thirty four samples of miscellaneous smoked food
products such as dry salamis, heat processed comminuted 
meat products, cured meats (heat processed or not) ,  raw or 
heat processed f ish ,  hard cheese, were analysed. The B- 
CCA concentration in them was var iab le  depending on many
factors  such as pH value, heavy or l ight smoking and
maturation time. Dry, fermented comminuted meat products 
contained the higher concentrations. Tetrahydro-B-
ca rbo l ine-3-carboxy1ic acid prevailed in a l l  samples 
examined and was detected at a level of 0.86 up to 22.63 
mg/kg in dry salamis, whereas in other samples it  ranged 
from 16 to 680 gg/kg. The levels of 1-methyl- and 1-
hydroxymethyl-tetrahydro -8 -carbo line-3 -carboxy1ic acids  
were much lower (0-881 Mg/kg and 0-444 pg/kg 
respec t ive ly ) .  The occurence of benzaldehyde and
s a 1 icy laldehyde der ivat ives  was not d e f in i t e ly  proved.
The synthesised 8-CCA were t r ied  for  mutagenicity 
using the Ames tes t .  None of them was mutagenic to 
Salmonella typhimurium TA-100, TA-98, TA-97 stra ins  with
and without metabolic activation, and without 
preincubation. At concentrations higher than 100
pg/plate, 1-hydroxymethy1- and unsubstituted tetrahydro-8-  
ca rbo l ine-3-carboxy1ic acids were toxic to stra ins  TA-98 
and TA-100.
8-Carbolines are b io lo g ic a l ly  active compounds and 
the i r  detection in smoked foods might help to prevent 
potential implications to the consumers' health.
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(b) The same e x t r a c t  spiked with 0 .15  pg/ml
HOCHaTH6C3COOH and 0 .15  pg/ml CH3THBC3C00H
.7 HPLC chromatograms of a f ive  times diluted 
p u ri f ied  e x t r a c t  (optimised method I)  of 
lOOg of Greek smoked cheese (sample 33)
.8 HPLC chromatogram o f :  (a) A ten times 
d iluted p u rif ied  e x t r a c t  (optimised 
method I) of lOOg of smoked cooked 
mackerel (sample 30 ) .  (b) The same diluted 
p u r i f ied  e x t r a c t  spiked with 0 ,2  pg/ml 
H0CHaTHBC3C00H and 0 .4  pg/ml CH3THBC3C00H
.9 HPLC chromatogram of (A) A f iv e  times
diluted  p u r i f ie d  e x t r a c t  (optimised method 
I) of lOOg of smoked raw haddock (sample 
31) .  (b) The same d ilu ted  purif ied  e x tr a c t  
spiked with 0 .3  pg/ml HOCH2THBC3COOH 
and 0 .4  pg/ml CH3THBC3C00H
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FIGURE 5 .10  HPLC chromatograms of purif ied  e x tr a c ts  164 
(optimised method I I )  of two smoked 
pasteurised comminuted meat products
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5.11 HPLC chromatograms of a pu ri f ied  e x t r a c t  
(optimised method I I )  o f :  (a) lOg of 
German smoked dry salami (sample 28) ;
50g of Greek smoked semi-dry salami 
(sample 2 0 )
5 .12  HPLC chromatogram of a purif ied  e x t r a c t  
(optimised method I I )  of lOg of Greek 
heavily  smoked salami (sample 21) (a ) .  The
same e x tr a c t  spiked with HOCHaTH8C3COOH 
and CH3 TH8 C3C00H (b)
5 .13  HPLC chromatograms o f :  (a) A f ive  times 
diluted  purif ied  e x t r a c t  (optimised 
method I) of lOOg of Greek smoked dry 
salami (sample 24) .  (b) A pu ri f ied  e x t r a c t  
(optimised method I I )  of 50g of unsmoked 
I t a l i a n  dry salami (sample 29)
5 .14  HPLC chromatogram o f :  (a) A p u ri f ied  
e x t r a c t  (optimised method I I )  of lOg of 
Greek smoked dry salami (sample 22) using 
fluorescence d e tec t io n ,  (b) A p u rif ied  
e x t r a c t  (optimised method I I )  of 50g of 
the same sample using UV d etect ion
5 .15  HPLC chromatogram o f :  (a) A purif ied  
e x t r a c t  (optimised method I I )  of lOg of 
Greek smoked dry salami (sample 23) using 
fluorescence d e tec t io n ,  (b) A p u rif ied  
e x t r a c t  (optimised method I I )  of 50g of 
the same sample using UV d etect ion
I Possib le  twist  ch a ir  conformations for  c i s  
and trans  isomers of L - 4 ,5 .6 ,7 - t e t r a h y d r o -  
-IH-imidazo( 4 , 5-C]pyridino- 6 -carboxy1ic  
acid
I I  Molecular s tru ctu re  of spinacine (M.W. 
167.17)
I I I  Molecular s tru ctu re  of pheny1-spinacine 
(M.W. 243.27)
IV Molecular s tru ctu re  of s a l i c y l - s p in a c in e  
(M.W. 259.27)
V Ultra v i o l e t  spectra  o f :  a) spinacine;  
b) 4-phenyl~spinacine; c) 4 - s a l i c y l -  
spinacine
VI Mass spectra o f :  spinacine (a ) ;  4-phenyl- 
spinacine ( b ) ; 4 - s a 1 icy1-sp inac ine  ( c ) .
VII NMR spectra  o f :  a) c i s  4-pheny1-spinacine; 
b) trans  4-pheny1-spinacine; c) epimeric
4-pheny1-spinacine; d) spinacine;  e) 
epimeric 4 - s a l i c y l - s p i n a c i n e
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L I S T  OF A B B R E V I A T I O N S
8 - C C A
H0CH2TH8C3C00H
TH8C3COOH:
CH3THBC3COOH;
PheTHBC3C00H
Sa1THBC3C00H
HPLC 
I . S .  
S.D. 
C.V. 
R t : 
UV: 
BCs : 
DHBCs 
THBCs
NMR: 
MS:
1 . 2 . 3 . 4 - te t r a h y d r o -B -c a r b o l in e -3 -  
- c a r b o x y l ic  acids
1-hydroxymethy1 - 1 , 2 , 3 . 4-te trahyd ro-B-  
- c a r b o l ine-3-carboxy1ic  acid
1 . 2 . 3 .4 - te t ra h y d ro ~ 8 ~ ca rb o l in e -3 -  
- c a r b o x y l ic  acid
1-methy1 - 1 . 2 , 3 , 4 - te tra h y d ro-B -ca rbo l in e -3  
- c a r b o x y l ic  acid
1-pheny1 - 1 , 2 , 3 , 4 - te tra h y d ro -B -carb o l in e-3  
- c a r b o x y l ic  acid
1 - [ 2-hydroxypheny1] - l , 2 , 3 , 4 - te trahyd ro-B-
- c a r b o l ine-3-carboxy1ic  acid
High Pressure Liquid Chromatography
In terna l  Standard
Standard deviat ion
C o e f f i c ie n t  of v a r ia t io n
Retention time
U l t r a v io le t
Fully  aromatic B-carbolines  ( free  bases)
3 . 4-Dihydro-B-carbolines ( free  bases)
1 . 2 . 3 . 4-Tetrahydro-B-carbolines  ( free  
bases)
Nuclear Magnetic Resonance 
Mass Spectroscopy
CHAPTER 1
GENERAL INTRODUCTION AND LITERATURE SURVEY
1.1 INTERACTIONS BETWEEN WOODSMOKE CONSTITUENTS AND FOOD 
COMPONENTS
During the smoke treatment of foods, smoke i s
deposited upon t h e i r  surface  and many of i t s  numerous 
components d i f fu s e  inwards. There i s  considerable  evidence 
th a t  during t h i s  process chemical i n te r a c t io n s  occur 
between food c o n s t i tu e n ts  and smoke components. Thus, a 
s i g n i f i c a n t  loss  of protein  functional  groups has been 
reported by several  in v e s t ig a to rs  e . g . :  smoking of meat
fo r  lOh e t  65°C re su l te d  in a 44% loss  of i t s  lysine
content (Chen & Issenberg,  1972) whereas a control  sample 
which was only heated under the same conditions lo s t  15% 
of i t s  lys ine content only; hot smoked f i s h  was reported 
to  have lo s t  24% of lys ine and 6.6% of other basic  amino 
acids from the surface  layer (C l i f fo rd  e t  a l . ,  1980);  a 
60% loss of f ree  sulfhydryl groups was observed during the 
smoking of beef (Krylova e t  a l . ,  1962) , which could not be 
explained by the e f f e c t  of heat only and was a t t r ib u te d  to 
t h e i r  re a c t io n  with the phenolic  f r a c t io n  of smoke 
(Randall St B r a t z le r ,  1970b); the decl ine  of the pH value 
of foods which occurs during smoking, was p ar t ly
assoc ia ted  with the d estru ct io n  of b a s ic  groups of 
prote ins  (Randall & B r a t z le r ,  1970a).  A p a r a l l e l  loss  of 
major smoke c o n st i tu en ts  r e a l i s e d  by the d i f f i c u l t y  and
-  1 ~
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o cca s io n a l ly  even the t o t a l  f a i l u r e  to  recover them from 
smoked foods has a lso  been reported (Ziemba, 1967). 
Typical was the example of coniferaldehyde and 
sinapaldehyde which could not be recovered from smoked 
foods, despite  th a t  they were i d e n t i f i e d  as q u a n t i ta t iv e ly  
s i g n i f i c a n t  components of smoke (Lustre & Issenberg,
1970) ;  Potthest  (1977) found th a t  phenolic aldehydes were 
poorly recovered from smoked meats compared to other 
phenols .
I t  i s  believed th a t  these  chemical in te ra c t io n s
account for  various changes of the smoked food 
c h a r a c t e r i s t i c s  such as ;
A. Colour. The formation of the c h a r a c t e r i s t i c  colour of 
smoked foods i s  thought to  be due to  the destruction  of 
the b as ic  residues in p rote in s  by smoke carbonyl
compounds. Formaldehyde, g ly oxa l ,  g ly c o l i c  aldehyde,
methylglyoxal, major smoke c o n s t i tu e n ts ,  as well as 
coniferaldehyde and sinapaldehyde have been c i te d  as 
a c t iv e  pigment producers (R u iter ,  1979; Chen & Issenberg, 
1972) .  High molecular weight polymerised ta r r y  products 
present in smoke and smoke condensates, play a lso  a ro le  
in t h i s  process.  After being deposited on the food 
su rfaces  they may bind to  prote ins  further  causing 
enhancement of the brown colour of smoked products (Baltes  
e t  a l , 1982).
B. Texture.  The hardening of the surface  layer  of the 
smoked f i s h  and meat and the formation of a firm outer 
c r u s t ,  was thought to be mainly due to c ro s s - l in k in g  of 
the surface prote ins  (Daun, 1979) by carbonyls, e s p e c ia l ly
-  3 -
formaldehyde and dicarbonyls  present in smoke (Bowes & 
Carter ,  1968; S a i to  et a l . .  1986).  Tanning might be 
another fa c to r  contributing to the surface toughening. I t  
i s  caused by a very complex in te r a c t io n  involving hydrogen 
bonding. covalent and even hydrophobic in te r a c t io n s  
between proteins  and phenols or quinones present in smoke 
(Spencer et  a l ,  1988).
C. N utr it ional  value.  The n u tr i t io n a l  qu al i ty  of smoked 
foods has genera l ly  been found to be lower than that  of 
the unsmoked foods because, as a r e s u l t  of smoking they 
have a reduced lys ine  a v a i l a b i l i t y  and lower thiamine 
content (Dvorak & Vognarova, 1965).
1 .2  BACKGROUND OF THE PRESENT INVESTIGATION
A previous study carr ied  out in t h i s  Department 
(F arr - Jo n es ,  1986) using model systems, invest igated  the 
in te r a c t io n  of wood smoke carbonyls with free  amino ac id s ,  
in order to learn more of the probable fa te  of woodsmoke 
c o n s t i tu e n ts  incorporated in foods. I t  was shown that  the 
most e le c t r o p h i 1ic  of the aldehydes occuring in woodsmoke, 
reacted  re ad i ly  with the f ree  amino group of proteins  and 
amino acids.  Generally, imines were formed (Fig. 1 .1)  and 
in many cases these were coloured.
R-N^
H H H
H
+ 0=C R—N=C + H 2 0
F I G U R E  1 . 1  F o r m a t i o n  o f  i m i n e s
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These products were ra th e r  unstable  and were e a s i ly  
hydrolysed under aqueous conditions a t  low pH values.  In 
an attempt to s t a b i l i s e  them various borohydrides were 
used which in most cases  led to  the sa tu ra t io n  of carbon- 
nitrogen double bond and consequent d e c o lo r is a t io n  of the 
imine. Nevertheless products deriv ing from h i s t id i n e ,  
c y s te in e  and tryptophan did not appear to r e a c t .  No 
change in th e i r  UV spectrum was observed a f t e r  borohydride 
treatm ent,  suggesting the absence of the imino double bond 
from t h e i r  molecular s t r u c tu r e .  A l i t e r a t u r e  survey 
indicated  that these products might well be spinacines 
(Heyl e t  a l . ,  1948), t h ia z o l id in e s  (Bergel & Harrap, 1961) 
and te trah yd ro-B-carbol in es  (Kitamoto & Maeda, 1980) 
r e s p e c t iv e ly .  Farr - Jon es  speculated th a t  such products 
might well occur in smoked foods s ince  formation in model 
systems occured under mild condit ions  s im i la r  to  those 
expected during the smoking process .
The main o b je c t iv e  of the work described in t h i s  
t h e s i s ,  i s  to in v e s t ig a te  the occurence of te trahydro-B-  
carbol ines in smoked food products of animal o r ig in .  The 
known occurence of t e t r a h y d r o -B -c a r b o l in e s , sp inacines  and 
t h ia z o l id in e s  in foods as well as t h e i r  propert ies  and 
physiological  e f f e c t s  are discussed in s e c t io n s  1 . 3 - 1 . 7 .
1 .3  NOMENCLATURE OF B-CARBOLINES
The name carbol ine  was f i r s t  introduced by Perkin & 
Robinson (1919) for  the fused benzene-pyrrole-pyridine 
r in g  system encountered in the harmala a lk a lo id s .  The
p o s i t io n  of the b a s ic  nitrogen in the pyridine r ing of the 
system was designated by a Greek l e t t e r  as shown in Fig .  
1. 2.
FIGURE 1 .2  Numbering system for  
B -carbolines  according to IUPAC 
r u le s  of organic nomenclature
In the current IUPAC nomenclature, te trah yd ro-8 -carb o l in e s  
are described as 2 , 3 , 4 , 9 - te trahydro- lH -pyrido[ 3 , 4-b] 
indoles ,  but for  convenience the abbreviation TH8C w il l  be 
used in t h i s  t h e s i s .  The r e l a t e d  unsaturated d e r iv a t iv e s ,  
which in the IUPAC system are known as 4 , 9-dihydror3H- 
pyr id o( 3 , 4 -b ] in d o le s ,  and 9H-pyrido-[ 3 ,4 -b ] in d o les  w il l  be 
r e f e r r e d  to as DH8C and 8C r e s p e c t iv e ly .
The Barchas group have trea ted  these compounds as 
tryptamine d e r iv a t iv es .  This  skeleton has a d i f f e r e n t  
numbering system e .g .  5-hydroxy-methy l t ry p to l  ine of 
Barchas i s  the same as 6 -HO-CH3TH8C (Fig. 1 . 3 ) .  To avoid 
confusion, substances elsewhere described as t r y p to l in e s  
or by uninformative t r i v i a l  names (such as harmen i . e .  
CH3 8 C or norharman i . e .  8C ) , have been a l te re d  to the 
system of abbreviations defined in Table 1 .1 .
FIGURE 1 .3  Barchas numbering system 
for  5-hydroxy-methyltryptoline (Beck 
e t  a l . ,  1985).
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TABLE 1.1
Chemcal structure
Noiencldture of 8-carbolines 
IUPAC naiie Heman nane
2,3,4,9-Tetrahydro-lH-pyrido 
[3.4-bjindole-3-carboxylic 
acid
l-Hethyi-2,3,4,9-tetrahydro- 
lH-pyrido(3,4-blindole-3- 
carboxylic acid
l-Hydroxynethyl-2,3,4,9- 
-tetrahydro-lH-pyrido{3,4-bl 
indole-3-carboxylic acid
1-Pheny1-2,3,4,9-tetrahydro- 
lH-pyridof3,4-blindole-3- 
-carboxyiic acid
1-12'-Hydroxypheny 11-2,3.4,9- 
tetrehydro-lH-pyrido{3,4-bl 
indole-3-carboxylic acid
2.3.4,9-Tetrabydro-lH- 
pyridol3,4-blindole
l-Metbyl-2,3,4,9-tetrahydro- 
-lH-pyrido{3,4-blindole
1,2-Dinethyl-2,3,4,9-tetrahydro- 
-lH-pyrido(3,4-blindole
7-Methoxy-l-®etbyl-4,9- 
dihydro-3H-pyrido(3,4-bl 
indole
7-liydroxy-l-sietbyl-4,9-
dihydro-3H-pyrido(3.4-bl
indole
l-Methyl-4,9-dihydro-3H- 
pyrido(3,4-blindole
7-Methoxy-l-»ethyl-9H- 
pyridol3,4-b}indole
7-Hydroxy-l-nethyl-9H- 
pyrido(3,4-blindole
l-Methyl-9H-pyrido(3,4-b} 
indole
9H“pyrido[3,4-blindole
Tetrahydronor-
haraan
Tetrahydro-
harnan
H-Methyl-tetra-
hydro-hariian
Hama line
Haraalol
Haraalan
Herein
Harnol
Haraan
Norharnan
TH8C3COOH
CH3TH8C3C00H
H0CIUTHBC3C00H
PheTH8C3COOH
SalTH8C3COOH
TH8C
CHaTHBC
2N-Me-CH3TH8C
7-HeO-CH3DHgC
7-OH-CH3DH8C
CH3DH8C
7-HeO-CH38C
7-0H-CH38C
CH38C
&C
Abbreviation
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1 . 4  FO R M A T IO N  OF T E T R A H Y D R O - 8 - C A R B O L I N E S
Saturated 8 -carb o l in e s  are re ad i ly  formed in v i t r o  by 
the nuc leoph i l ic  a t ta ck  of an a l i p h a t i c  or aromatic 
aldehyde on an indole ethylamine or tryptophan. This i s  
known as the P ic te t -S p e n g le r  re a c t io n  (Whaley & 
Ghovindachari, 1951) and i s  believed to proceed via the
formation of an intermediate  S c h i f f ' s  base which c y c l i s e s  
in tram olecular ly  according to  the mechanism shown in Fig .  
1 . 4 .  I t  has been shown that  t h i s  r e a c t io n  i s  favoured by 
low pH values and high temperatures.
However, s i g n i f i c a n t  y ie ld s  may a lso  be produced under 
mild conditions (Hahn & Ludewig, 1934; F a rr - Jo n es ,  1986) 
such as room temperature and the near neutral pH range, 
thus making i t  qu ite  poss ib le  th a t  such compounds would be 
produced during food processing whenever appropriate 
indole and carbonyl precursors come into contact .
FIGURE 1 .4  Mechanism of formation of te trahydro-B-  
carbol ines
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Hence B-carbolines  were among the products i s o la te d  a f t e r  
5-30 days incubation at 37 ’ C (pH 7) of a r e a c t io n  mixture 
containing L-tryptophan and carbohydrates such as sugars,  
f u r f u r a l s  and t h e i r  decomposition products (Kinae e t  a l . ,
1986) .  CHaTHBC-l-COOH was formed a f t e r  the incubation of 
tryptamine with r e l a t i v e l y  high concentrat ions of pyruvic 
ac id  (pH<4). The same compound was a lso  i d e n t i f i e d  in r a t  
bra in  following in tr a c e r e b ro v e n tr ic u la r  i n je c t i o n  of the 
same precursors but in t h i s  case i t  i s  believed that  the 
condensation was due to  enzymatic a c t i v i t y  (Su si lo  & 
Rommelspacher, 1987). The i n te r a c t io n  of tryptophan with 
pyruvic acid (molar r a t i o s  1 :3 )  in an aqueous medium 
yie lded a f t e r  12 h the following products: CH3THBC-1,3- 
diCOOH (two isomers),  CHaBC and a yellow s t i c k y  polymer 
d i f f i c u l t  to  id e n t i fy  (Chu & Clydesdale, 1976).
However, such f a c i l e  formation in near physiological  
conditions predisposes towards a r t i f a c t u a l  formation. As 
discussed l a t e r ,  t h i s  has led to controversy about the 
s ta tu s  of B-carbolines  found in b io lo g ic a l  m a te r ia ls ,  and 
made d i f f i c u l t  the in v e s t ig a t io n  of B-carboline 
b io sy n th es is .  Despite these d i f f i c u l t i e s ,  a range of 8 -  
ca rb o l in e s  have been observed in various plant and animal 
t i s s u e s ,  and curren t ly  are thought to  be genuine 
m etab o l i tes .  Indeed, c e r t a in  endogenous B-carbolines  are 
thought to have important physiological  r o le s  and others 
have well es tab l ish ed  pharmacological p ro p er t ies .
1 . 5 . 1  The occurence of endogenous B-carbolines  in plants
Table 1.2 summarises the known occurence of B- 
carbol ines  in p lan ts .  The o r ig in a l  i s o la t io n  of CH3 BC and 
r e la te d  compounds from the seeds of Peganum harmala led to 
the introduction of the t r i v i a l  names such as barman and 
norharman. Many of the plants  containing B-carbolines  have 
been well known over thousands of years for  t h e i r  content 
of potent psychoactive agents. E x tra c ts  thereof  have been 
used in fo lk  medicine ( e .g .  as an t i -he lm in th ics )  or in the 
case of B a n is te r ia  caapi as hallucinogens in r e l ig io u s  
f e s t i v a l s .  CH3 BC and BC have a lso  been i s o la te d  from 
tobacco and marijuana smoke (Poindexter & Carpenter, 1962) 
where i t  i s  bel ieved to  a r i s e  from the pyrolysis  of 
f r e e  tryptophan and various proteins  (Kettenes-Van Den 
Bosch &. Salemink, 1977) . The occurence of B-carbolines  in 
foods of plant o r ig in  i s  discussed in se c t io n  1 . 5 . 3 .
1 . 5 . 2  The occurence of B -carbolines  in mammalian t i s s u e s
The f i r s t  report  of the natural occurence of 
te trah yd ro-B-carbol in es  in mammalian t i s s u e s  dates from 
1961 when Mclsaac, using paper chromatography, detected 
6MeO-CH3THBC in the urine of r a t s  treated  with 5-MeO- 
tryptamine and ethanol.  Disulfiram had been given to 
prevent enzymatic oxidat ion  of acetaldehyde formed. 
Many reports  of the endogenous occurence of B-carbolines
-  9 -
1 . 5  THE NATU RAL  OCCURENCE OF B - C A R B O L IN E S
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TABLE 1.2
Occurence of B-carbolines in plants* (Cited from Airaksinen 
& Keri, 1981a).
Abbreviated name Synonym names Genus
7 -MeO-CH3 DHBC
7-OH-CH3DHBC
CHaBC
CH3 BC~3C00H 
2N-methy1-CH3 BC
2N-methyl-CH3THBC
CHsIHBC
CH3 THBC-2 N-oxide
CHaBC-^N-oxide
7-MeO-CHaBC
7-MeO-CH3THBC
7-OH-CH3BC
7-CH-2N-methy1-CH3TH8C
7-OH-O-blHBC 
2N-methy 1-TH8 C
Harmaline
Harmalol
Arabi ne; Ga 11 igonum 
base-4;Harman; 
Loturine
Banisteria:Banisteriopsis:
Peqanum
Peganum
Arariba; Carex; El eagnus; 
Kochia;Qphiorrhiza:
Passiflora:Symplocos: 
Zvaophyllum 
Aspidosperma 
Strychnos
Harman-3-C00H 
N-Methy lharman;
Melinonine-F
N-Methy 1 tetrahydro- Acacia; Anthrophvtum ;
harman;Leptoc1 adine 
Tetrahydroharman; 
Calligonine; 
Elaeagnine
Hammada
Acacia;Ca11igonum: 
Elaeagnus:Hammada: 
Leptaetinia:Petalosty1is 
Tetrahydroharman-N- Gall igonum 
oxide; Gall igonum base 
-3; El aeagnine-N-oxide 
Harman-N-oxide; Gall igonum
Harmanine
Banisterine;Yageine; Banisteriopsis;Banisteria; 
Telepathine;Harmine Cabi:Calycanthus;Kochia:
Passi f 1ora;Peganum: 
Zygophy 1 lum 
Banisteria; Elaeagnus; 
Leptaetinia;Peganum 
Passiflora;Zygophyllum
Tetrahydroharmine;
Leptaflorine 
Harmol
N-Methy1-tetrahydro- Elaeagnus 
harmol
Tetrahydroharmo 1
6-MeO-2N-methyl-TH8C 
6-MeO-2N, 9H-dimethyl-THBC 
8-OH-7-MeO-glycosyl-CH3DHBC Dihydroruine 
8-OH-7-MeO-glycosyl-CH3BC Ruine 
4-0H-BC-lC00CH3
Elaeagnus
Anthrophytum:Hammada;
Gymnacranthera
Phalaris
Phalaris
Peganum
Peganum
Picrasma
* Note: Only the genus of the plants is given because the same B-carbolines 
may be found in several species of the genus.
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have s ince  appeared but there has been much controversy 
regarding the v a l i d i t y  of these r e s u l t s  e s p e c ia l ly  of the 
e a r l i e r  in v es t ig a t io n s  most of which f a i le d  to take 
precautions against the formation of a r t i f a c t s .  In more 
recen t  studies the use of carbonyl trapping agents ,  such 
as semicarbazide to  e l im inate  carbonyls formed during 
t i s s u e  disruption (Beck, 1985) along with carbonyl free  
so lven ts  and nitrogen gas, g r e a t ly  reduced the y ie ld s  of 
B -carbolines  ex tra c ted ,  confirming th at  the compounds 
observed may be a r t i f a c t s  of sample e x tr a c t io n  and work-up 
procedures (Bosin e t  a l ,  1983b).
The B-carbolines which have been reported to  occur 
n a tu r a l ly  in mammalian t i s s u e s  can be subdivided into two 
groups:
1 . 5 . 2 . 1  Formaldehyde derived B -carbolines
FIGURE 1.5  Structure  of endogenous formaldehyde derived 
te t ra h y d r o -B -c a r b o l in e s .
Two potent ia l  mechanisms have been suggested for  the 
in vivo formation of formaldehyde derived B-carbolines  but 
n e i th e r  has been proved:
a)Formation via the non-enzymatic P ic te t -S p en g le r  re a c t io n  
of a biogenic amine (Table 1 .6)  with f ree  formaldehyde.
Y : h , C O O H  
x : H , o c h 3 . OH 
Z:  H ,  c h 3
-  12 -
The source of f re e  formaldehyde In the l iv in g  mammalian 
organism may be e i t h e r  m eth yl-te trahydrofola te  which in
reductase metabolises  to  THF and free  formaldehyde 
(Stebbins e t  a l . ,  1976; Wyatt e t  a l . ,  1975; Hsu & Mendel 1, 
1975) or a l t e r n a t i v e l y  the enzymic demethylation of 
s a rco s in e ,  N.N-dimethylglycine or various drugs and 
x en o bio t ic s  (Airaksinen & Keri ,  1981a).
b)Formation via the enzymatic demethylation of secondary 
or t e r t i a r y  indoleamines such as N-methy1-tryptamine 
(NMT), N, N-dimethy1-tryptamine (NDMT), 5-OH-NDMT, or 5MeO- 
NDMT (Barker et  a l . ,  1981) .  This route does not require  
f r e e  formaldehyde. I t  i s  poss ib le  th at  P ic te t -S p e n g le r  
r e a c t io n  and the above described mechanism have common 
intermediates as outl ined in Fig .  1 . 6 .
FIGURE 1.6  Mechanism of the enzymatic demethylation of 
t e r t i a r y  amines and t e r t i a r y  amine N-oxides (c i ted  from 
Barker e t  a l . ,  1981).
the presence of NADP  ^ and NsNxo-m ethylene-tetrahydrofolete
Direct C-hydroxylation 
of the tetriary amine
cyclisation 
(Pictet-Spengler)
-CHs-N^
ICHaCH
-CHa-bQ
CHa
HaO
*-CHa-4T  >
CHa
+^ CHa HaO
-CHa-N
SCHa I
a carbinolamine an iminium ion
Tetriary amine N-oxide 
rearrangement
-CHa-N
+
HCHO
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Y y  : H , c o o h
x  : H ,  O H ,  o c h 3
c h 3
FIGURE 1 .7  Structure  of endogenous acetaldehyde derived 
te t ra h y d r o -B -c a r b o l in e s .
The presence of t r a c e  amounts of acetaldehyde 
derived B-carbolines  in human p l a t e l e t s  and plasma as well 
as the urine of man and r a t s  was f i r s t  reported in 1980 
(Rommelspacher e t  a l . , 1980b; Peura e t  a l . ,  1980). I t  was 
suggested th at  these  B -carbolines  were formed 
spontaneously from biogenic  amines and endogenous 
acetaldehyde a r i s in g  from ethanol loading. There are some 
data which suggest th a t  in to x ica te d  a lc o h o l i c s  excrete  
g r e a te r  amounts of 60H-CHaTH8C (Beck e t  a l . ,  1982), 6MeO- 
CHaTHBC (Matsubara e t  a l . ,  1986) and CH3THBC (Allen et  
a l . ,  1980) than recovered a l c o h o l i c s  end healthy co n tro ls .  
More r e ce n t ly  Beck and coworkers using c h ir a l  c a p i l la r y  
GC-MS have separated and qu an ti f ied  the two enantiomers of 
60H-CH3THBC (Beck e t  a l . ,  1985) and of 70H-CH3THBC (Beck 
e t  a l . ,  1986) in the urine of man and various experimental 
animals. They found unequal abundances of the two 
enantiomers of  both te t rah yd ro-B -carbo l in es  in each 
sp ec ies  examined and concluded th at  t h i s  strongly 
suggested an enzymatic ra th e r  than spontaneous P i c t e t -  
Spengler re a c t io n  formation.
1 . 5 . 2 . 2  A c e t a l d e h y d e  d e r i v e d  8 - c a r b o l i n e s
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The intake of acetaldehyde derived B-carbolines  from 
d ia te ry  sources such as cheese,  a lc o h o l ic  beverages and 
various f r u i t s  (Matsubara e t  a l . ,  1986) could also  
p a r t i a l l y  account for  t h e i r  presence in the mammalian 
body.
The reported occurence of B-carbolines  in mammalian 
t i s s u e s  i s  summarised in Tables 1 .3  and 1. 4 .
1 . 5 . 3  The occurence of B -carbolines  in foods and beverages
The d ie ta ry  sources from which B-carbolines  have been 
i s o la t e d  f a l l  in to  three  ca te g o r ie s  (Rabache & Adrian, 
1985) :
a) Certain  unprocessed f r u i t  and vegetables  and c e r t a in  
unprocessed animal t i s s u e s  where these compounds appear to 
be normal m etab o l i tes .
b) Fermented foods and beverages such as wine, beer,  soy 
sauce and cheese where r ipening and/or fermentation
processes  give r i s e  to  r e l a t i v e l y  large concentrat ions  of 
the P ic te t -S p e n g le r  precursors ( in d o l ic  compounds, free  
c a r b o n y ls ) .
c) Food products th at  have been subjected to high
temperatures such as roasted co f fe e  and the surface  of 
g r i l l e d  meat or f i s h  p a r t i c u l a r l y  when charring has 
occured. In t h i s  case i t  i s  believed th at  the formation
of CH3 8 C and BC i s  due to  the pyrolysis  of tryptophan and
p rote in s  (Kosuge e t  a l ,  1978) .
Published data on the occurence of B-carbolines  in 
unprocessed meat are sparse,  but c e r ta in  deductions can be
-  19 -
T A B L E  1 . 5
Occurence of B-carbolines  in food and beverages. 
Compound Food or beverage Concentration Reference 
(pg/kg or pg/1)
Saturated
CHaTHBC
60H-CHaTHBC
60H-THBC
THBC3C00H
( - ) I S , 3S & 
( - ) IR,3S
Wine 0 .8 9 -8 3 .8 2 (1)
0.56 (2)
Beer 1 .6 9 -1 2 .8 5 (1)
5 .38 (2)
Sake 73.39 (1)
1.71 (2)
Banana 2.59 (2)
Tomato 113.46 (2)
Grapes n.d. (2)
Peer n.d. (2)
Pineapple 88.37 (2)
Orange 4 .79 (2)
Soy sauce ( 4 -2 5 0 )X103 (3)
Mixed seasoning 40-12X103 (3)
Miso 3-1 .4X103 (3)
Vinegar <80 (3)
Beer 3 .6 4 -8 6 .3 7 (4)
Wine and sherry 0 -0 .2 2 (4)
Banana (peel) 65.65 (4)
Banana ( f le sh ) 111.25 (4)
Banana (seeds) 374.20 (4)
Plums 1 92 .16-202 .27 (4)
Pineapple 5.25 (4)
Orange 1.82 (4)
Tomato 1.41 (4)
Blue cheese 28.32 (4)
Lantbrie 1.92 (4)
Camembert 0.91 (4)
Hard cheese <0.20 (4)
Milk and yogurt <0. 04 (4)
Beer 6 .2 1 -4 4 .2 3 (5)
Beer ( 2 . 7 2 - 1 0 . 86)X103 (6)
Wine ( 0 . 8 1 - 1 . 7 0 ) X103 (6)
Beer ( 0 . 3 2 - 4 . 2 4 ) X103 (6)
Wine ( 1 . 3 0 - 9 . 1 0 ) X103 (6)
Beer 122 (7)
Japanese soy sauce
( t r a d i t i o n a 1) (82 -6 7 8 )X103 (8)
Soy sauce prepared
by acid treatment (<4-55)X103 (8)
Soy sauce 5 2 . 689X103 (7)
Bean paste (Japan) 25X103 (8)
Continued
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T A B L E  1 . 5  ( c o n t i n u e d )
Compound Food or beverage Concentration Refer©
(pg/kg or pg/1) nee
CHaTH8C3COOH Bean paste 2.53X103 (7)
( —) I S , 3S Sc ( - )  IR, 3S Fish sauce (Thai) 
Soy sauce
5X103 (8)
(Chinese) (9 .9 3 - 5 6 3 .48)X103 (9)
l - [ 2 - F u r y l } - Soy sauce 2.93X103 (7)
-THBC3C00H Been paste 2.32X103 (7)
Beer 51 (7)
1 - [5±Hydroxymethy1- Been paste 12.26X103 (7)
- 2 -Fu ry1 ] -  
-THBC3C00H
Beer <1 (7)
Unsaturated
CH3DHBC3C00H Soy sauce 1 7 . 24X103 (7)
Bean paste <1 (7)
Beer 521 (7)
BC Roasted chicory root (10)
Roasted co f fe e  
Overbaked bakery
4 3 - 2 . 55X103 (11)
products 3-645 (11)
CHaBC Roasted c o f fe e  
Overbaked bakery
3-346 (11)
products 
Passion f r u i t
0 .3 - 2 2 .5 (11)
(12)
7-MeO-CHaBC Passion f r u i t (12)
7-OH-CHaBC Passion f r u i t (12)
l - ( 2 - F u r y 1]-BC Soy sauce 94 (7)
Been paste 47 (7)
Beer 2 (7)
1[5  *-Hydroxymethy1- Com Shoyu (13)
2 - f u r y 11-BC 
(P er lo ly r in e )
CHa3C3COOH
Rice vinegar 
Soybean protein  
hydrolysates ■ 
Milk e s p e c ia l ly  
of cows fed corn
(109-176)X103 (13)
(13)
s i la g e 80-400 (14)
1 [5±Hydroxymethyl~ Com Shoyu *i (13)
2 - f u r y 1]-8C3COOH 
(Flazine]
Rice vinegar 
Soybean prote in  
hydrolysate ■
(435—593)X103 (13)
(13)
References ;  (1) Beck & Holmstedt, 1981; (2) Matsubara et
a l . ,  1986; (3) Minoru e t  a l . ,  1987; (4) Beck et  a l . ,  1983; 
(5) Bosin et  a l . ,  1983a; (6) Bosin et  a l . ,  1986; (7) Kinae 
e t  a l . ,  1986; (8) Wakabayashi e t  a l . ,  1983; (9) Lin &
Tung, 1985; (10) P r o l ia c  & Blank, 1976; (11) Adrian et
a l . ,  1985; (12) Airaksinen & Kari ,  1981a; (13) Kihara ,
1987; (14) Bertoni e t  a l . ,  1980.
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made from data In Tables 1 . 3 ,  1 . 4 .  Data for 8 -carbo l ines  
in other foods are summarised in Table 1. 5 .
1 . 5 . 4  The occurence of B-carboline  precursors in foods
As s ta ted  in s e c t io n  1 .4  the l ik e ly  precursors of B- 
ca rb o l in es  are various carbonyl compounds and indole 
d e r i v a t i v e s .
1 . 5 . 4 . 1  The occurence of indoles in foods
Tryptophan i s  an e s s e n t ia l  amino acid.  Free
tryptophan occurs only in the low ppm concentrat ion range 
in mammalian t i s s u e s  and fresh  foods, but i t s  
concentrat ion may considerably increase  during processes 
involving chemical, enzymatic or microbial p ro te o ly s is .  
Foods produced using such processes include ripened 
cheeses (Schormiil l e r , 1968);  salami and dry sausages
(Renter e t  a l . ,  1968; D ierick  e t  a l . ,  1974);  cured meats 
and meat products such as ham and bacon e s p e c ia l ly  a f t e r  
long storage periods (Piotrowski e t  a l . ,  1970; Penet et  
a l . ,  1983; McCain e t  a l . ,  1968) ;  smoked meat and f i s h  
(Randall & B r a t z le r ,  1970a); soy sauce; a lco h o l ic  
beverages .
Indole ethylamines such as tryptamine, serotonin end 
5-MeO-tryptamine are found in many t i s s u e s  of the 
mammalian body in the ppb range (Beck, 1985). Higher 
concentrat ions  of tryptamine are found in food following 
decarboxylation of tryptophan during maturation and may
-  22  -
reach ppm concentrat ions  near the rind of mature cheeses, 
in meat products and in a l c o h o l ic  beverages.
Published data are summarised in Tables 1 . 6 ,  1 . 7 .
Occurence of f re e  
mammalian t i s s u e s .
TABLE 1.6
tryptophan and i t s  m etaboli tes  in
Compound Mammalian body 
t i s s u e
Concentration Reference 
(Mg/kg or 1)
Tryptophan Rat whole brain 6,920+800 (1)
Human plasma 1 2 , 100±400 (1)
Human serum 9 , 820±30Q (1)
Human urine 1 2 , 300±800 (1)
Serotonin Rat brain 238±19 (1)
Human plasma 2 8 . 3 ± 2 .1 (1)
Human serum 8 4 . 1±6.4 (1)
Human urine 1Q3±8.2 (1)
Tryptamine Rat bra in  t i s s u e  0 ,0 8 -0 .3 6 8  
(uneven d is t r ib u t io n )
(2)
Human brain  (uneven < 0 .0 1 6 -0 .4 6 4  
d is t r i b u t i o n  in various 
regions)
(3)
Rat heart 0 .62 (4)
Rat kidney 8 .04 (4)
Rat 1iv er 0 .73 (4)
Rat adrenal gland 11.4 (5)
Bovine adrenal gland 21.7 (5)
Human urine 100 <*■> (6)
5-MeO- Human pineal  gland 0 -2 .2 8 (2)
-tryptamine Rat pineal gland 5 . 7 (pg/gland) (2)
Cow pineal gland 0.494 (2)
Pig pineal gland 5.016 (2)
Sheep pineal  gland 0.342 (2)
Notes; (1) Content of urine excreted over 24 h.
References;  (1) Koch & K iss in g e r ,  1979; (2) Beck, 1985;
(3) P h i l ip s  e t  a l . ,  1978; (4) P h i l ip s  e t  a l . ,  1974; (5)
P h i l ip s  & Ju o r io ,  1978; (6) Slingsby & Boulton, 1976.
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TABLE 1 .7
Occurence of f ree  tryptophan and various indoleamines in 
f o o d s t u f f s .
Compound Food Concentration Reference
(mg/kg or 1)
Tryptophan
Tryptamine
Serotonin
5-MeO- 
-tryptamine
Dry cured hams (8 2,449 (1)
weeks aged)
Mature Cheddar 220-660 (2)
Blue cheese (ripened 1,090 (3)
for  3 months)
Dry sausages 0 -14 .38 (4)
Cheddar cheese 0-300 (5)
Roquefort 0 -1 ,1 00 (5)
Camembert <10-60 (5)
Gouda <10-200 (5)
Fresh pork meat 19-48 (6)
Ham 8-67 (6)
Bacon 3-13 (7)
Dry sausage 38 (8)
Sausage 10 (7)
Cooked salami 3 (9)
Danish smoked salami 66 (9)
Soy sauce 0-100 (10)
Beer 0 - 7 .5 (11)
Tomato 4 (5)
Plum 2 (5)
Egg-plant 0 .5 - 3 (5)
Pineapple 19-65 (5)
Walnut embryo 550 (5)
Tomato 12 (5)
Avocado 10 (5)
Plum 10 (5)
Date 9 (5)
Banana pulp 0-78 (5)
Banana pulp 1 (5)
References :  (1) McCain e t  a l . ,  1968; (2) Chang e t  a l . ,
1985; (3) Rabie e t  a l . .  1988; (4) Legner, 1969; (5) Smith.
1980; (6) L akritz  e t  a l . ,  1975; (7) Shephard et  a l . ,  1987; 
(8) Ramantanis e t  a l . ,  1984; (9) Koehler & E ite n m il le r ,
1978; (10) Chin & Koehler,  1983; (11) Cerutt i  et  a l . ,
1985.
1 - 5 . 4 . 2  The occurence of carbonyls in foods
Small q u a n t i t ie s  of f re e  carbonyls are n atu ra l ly  
present in a l l  foods. The concentrat ions  tend to in crea se :
A. In ox idis ing  l ip id  systems; e . g .  acetaldehyde, propane 1
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and pentanal have been reported as the main products of 
l i p i d  peroxidation in the dark muscle of f i s h  (Sakaguchi 
e t  a l . ,  1982).
B. In fermented and subsequently ripened food stuffs ;  the 
acetaldehyde content of various white and red wines 
reached 62.7  mg/1 a f t e r  12 months storage ( Gi o l f i ,  1986); 
in beer the acetaldehyde content was found to  range from
2 .6  to  13.5 mg/1 (Delcour e t  a l . ,  1982) whereas the 
average formaldehyde concentration was 0 .70 mg/kg 
(Laurence & Iyengar, 1983);  formaldehyde. acetaldehyde, 
d ia c e ty l ,  acetone, n-hexen-2-el  e tc .  were found to occur 
in ripened dry sausages and contribute to  th e i r  flavour 
development (Lagner, 1969);  formaldehyde, acetaldehyde, 
d ia c e ty l ,  propionaldehyde, methyl ketones, ketoacids were 
found to form in ripening cheese (Schormiil l e r , 1968; Rabie 
e t  a l . ,  1988).
C. In frozen stored gadoid f i s h  and f i s h  products (Reece,
1983) ;  the content of formaldehyde or ig in at ing  from the 
enzymatic metabolism of endogenous trimethylamine oxide 
might be as high as 236 mg/kg (Rehbein, 1986).
D. In smoked foods where carbonyls are expected to occur 
a t  high concentrat ions a f t e r  absorption from curing smoke. 
Acetone (740 mg/lOOg wood), acetaldehyde (1,150 mg/lOOg 
wood), formaldehyde (200 mg/lOOg wood) (Toth & Potthast ,
1984) along with glyoxal (60 mg/1), g ly c o l i c  aldehyde 
(1 ,500 mg/1) and methyl glyoxal (830 mg/1) (Ruiter ,  1979) 
were id e n t i f ie d  as major smoke co nst i tu en ts .  Vani l l i n ,  
syringaldehyde, acetovan i1 lon e , acetosyringone, sal  i c y 1- 
aldehyde, benzaldehyde, sinapaldehyde, coniferaldehyde,
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were isolated, from the phenolic f r a c t io n  of smoke 
condensate. Vani l l i n  and aceto van i1 lone (P otth ast ,  1984) , 
acetaldehyde (Kasahera & N is ib o r i ,  1982) and formaldehyde 
were recovered from various smoked meat products. The 
formaldehyde content in them was found to range from 0 . 1 -  
21 mg/kg (Potthast & Eigner,  1985) whereas th at  of various 
smoked i t a l i a n  cheeses ranged from 2 . 8 - 8 .3 mg/kg (Cantoni 
e t  a l , 1987).
E. In heated f le sh  foods where carbonyls may form due to 
the degradation of r ib o s e ,  glucose or fruc tose  associated  
with nucleotides  and sugar phosphates.
1 .6  ABSORPTION AND METABOLISM OF 8 -CARBOLINES
Most of the date a v a i la b le  have been obtained from 
animal s tu d ies .  The pharmacokinetics of 8 -ca rb o l in e s  
metabolism depends upon t h e i r  l i p o p h i l i c i t y . There i s  no 
doubt that  8 - c a r b o l in e s  can be absorbed from the 
alimentary t r a c t .  A fter  being synthesised in v iv o , or 
being absorbed from the alimentary canal ,  they are 
transported by the blood to  most t i s s u e s .  Hydrophobic 
r e p r e s e n ta t iv e s ,  such as 6 -MeO-TH8 C and THBC, readily  
cross  the blood-brain b a r r i e r  (Airaksinen & Kari ,  1981a). 
In con tras t  the more hydrophilic  hydroxylated d eriv at iv es  
do not, but both types may accumulate in the blood 
p l a t e l e t s .
Metabolic s tudies  in the r a t  (Ho e t  a l . ,  1972) have 
e s ta b l is h e d  that 6 -MeO-THBC is  demethylated and 
hydroxylated to  y ie ld  60H-TH8C and 6-MeO-7-OH-TH8C, and
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excreted in the urine a f t e r  conjugation to sulphate or 
glucuronate. I t  i s  thought (Airaksinen &. Kari , 1981a) 
th a t  other unsaturated B-carbolines  such as TH8 C and 
CH3 THBC are s im i la r ly  metabolised.
1 .7  BIOLOGICAL EFFECTS OF B-CARBOLINES
After being deposited in the mammalian body B- 
c arb o l ines  may e x h ib i t  very important biochemical and 
pharmacological a c t i v i t y  which v ar ies  with t h e i r  molecular 
s t r u c t u r e .
1 . 7 . 1  In h ib i t io n  of monoamine oxidase
I t  has been reported that  B-carbolines  are s e l e c t i v e  
and r e v e r s ib le  i n h ib i to r s  of monoamine oxidase A (MAO-A). 
Most are competitive in h ib i to rs  but 9-Me-THBC i s  non­
competitive. In v iv o , t h e i r  in h ib i tory  act ion  reaches a 
maximum 2-3 hours a f t e r  administration,  in most cases 
c le a r in g  gradually over 6  h. but taking 24 h in the case 
of 6 -MeO-THBC. In general dihydro compounds are more 
potent i n h ib i to r s  than the f u l l y  aromatic which are more 
potent than te t ra h y d r o -B -c a r b o l in e s . Methylation at
p os i t ion s  1 , 2 , 3  or 4 decreases potency whereas methylation 
at  p os i t ion  9 in creases  i t  (Airaksinen & Kari ,  1981b). 
Individual B -carbolines  d i f f e r  in t h e i r  a b i l i t y  to i n h ib i t  
the two forms of monoamine oxidase (MAO-A and MAO-B) and 
some data are summarised in Table 1 . 8 .  The IC3 0  values for  
THBC and 6 -MeO-TH8 C are s u f f i c i e n t l y  low for  these
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compounds to  be of poss ib le  physiological  s ig n i f i c a n c e  
e s p e c i a l l y  at  the low micromolar range at  which they occur 
in the human body and various foods.
The in h ib i t io n  of MAO-A which i s  the form found in 
the gut i s  of considerable i n t e r e s t  s ince  when such 
in h i b i to r s  occur in food they may well  be accompanied by 
r e l a t i v e l y  large concentrat ions  of histamine, tryptamine 
e t c .
TABLE 1 .8
I n h ib i t io n  of MAO-A and MAO-B by some B-carbolines  (Cited 
from Glover et  a l . ,  1982).
ICoo<3> v a l u e s  (M)
Compound ----------------------------------------------------------------------------------
MAO—A <15 MAO-Bc x)
(su b stra te  5-HT) (su b stra te  phenylethylamine)
THBC 5 X io -« 7 X 10~°
6MeO-THBC io -*3 > 10—1
6MeO-CH3DHBC N1Or-i lO—i
7MeO-CH3DHBC 8 X 10-® 10—4
CH3BC 5 X i o - 7 5 x io-«
Notes; (1) Pure HAO-A end HAO-B were obtained fro# human placenta and platelets respectively. (2) 
ICao value; concentration causing 50* inhibition.
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1 . 7 . 2  E f fe c t s  on amine neurotransmitters
I t  has been reported that  in v i t r o  8 -carbol ines
in h ib i t  the uptake and r e le a s e  by p l a t e l e t s ,  synaptosomes
and brain s l i c e s ,  of amine neurotransmitters ,  p a r t i c u la r ly
5-HT but also DA and NA to a le s s e r  extent .  TH8C, 60H- 
THBC and 6MeO-TH8C are more e f f e c t i v e  in h ib i to rs  than a l l  
DHBCs and BCs te s te d  (Buckholtz, 1980; Rommelspacher &
Subramsnian, 1979; Manabe e t  a l . ,  1988).
1 . 7 . 3  Binding to  benzodiazepine receptors
B-Carbolines compete with benzodiazepines for  t h e i r  
s p e c i f i c  receptors  located in brain synaptosomal 
membranes. Those 8 -ca rb o l in es  with a carboxyl group 
adjacent to the pyridine N are the most potent.  Of those
8-ca rb o l in es  thought to  occur endogenously, CHaBC is  the 
most potent with an ICoo value of 7 x 10”* M
(Rommelspacher e t  a l . ,  1980a).  The less  planar DHBCs and
THBCs are le ss  potent. Studies in r a t s  have shown 8C3COOH
to cause convulsions,  BCSCOQCaHs to be anxiogenic and
8C3CH;aOH to increase  s leep latency (Guzman et  a l . ,  1984).
1 . 7 . 4  Binding to tryptamine receptors
DHBCs are more potent d isp lacers  of tryptamine from 
i t s  s p e c i f i c  binding s i t e s  in ra t  brain than BCs or THBCs. 
Indole r ing hydroxy1at ion  or s u b s t i tu t io n  at posit ion 3 of 
the pyridine r ing  much reduce the a f f i n i t y  (Wood et  a l . .
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1984) .  A ff in i ty  for  5-HT receptors  i s  much weaker (Cascio 
& Kel l er ,  1982).
1 . 7 . 5  Endocrinological  e f f e c t s
Chronic studies  on male r a t s  have shown that  
administration of 6MeO-THBC in h ib i t s  the development of 
the genita l  organs probably due to e f f e c t s  on the 
regu lat ion  of the sex hormones (Airaksinen et  a l . ,  1970).
1 . 7 . 6  Co-mutagenic e f f e c t s
BC and CH3BC have been shown to  exert  a co-mutagenic 
e f f e c t  on some known carcinogens (e . g.  benzo[a]pyrene, 4 -  
dimethyl-aminoazobenzene. 3 -am ino- l , 4~dimethyl-5H-pyrido 
[4 ,3 -b ]  indole and 3-emino-l-methyl-5H-pyrido( 4 , 3-b] 
indole) when examined using the Ames Test  with a metabolic  
a c t iv a t io n  system such as S9 mixture (Nagao e t  a l . ,  1977; 
Airaksinen & Kari, 1981b).
1 . 7 . 7  S ign if icance  of the b io lo g ic a l  e f f e c t s
I t  has been suggested that  c e r ta in  B-carbolines  may 
be formed endogenously et  le v e ls  at  which they might have 
a physiological  r o l e .  However, a c r i t i c a l  assessment of 
the possible  s ig n i f i c a n c e  in man of such B-carbolines  is  
beyond the scope of t h i s  t h e s i s .  Of more importance is  
the knowledge that  the functioning of a number of hormones 
end enzyme systems may be a f fe c te d  by comparatively small
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concentrat ions of varied and various 8 -carb o l ines  and that 
a t  l e a s t  some such compounds may be absorbed from the gut. 
I t  follows th e re fo re  that  d ie ta ry  8 -carb o l ines  may reach 
appropriate ta r g e t  organs, and could be of b io lo g ica l  
s i g n i f i c a n c e .
1 .8  SPINACINES AND THIAZOLIDINES
In t h i s  s e c t io n  some information i s  given on the 
formation of spinacines  and th ia z o l id in e s  and t h e i r  known 
occurence in various food products.
1 . 8 . 1  Tetrahvdro-imidazo [ 4 .5 - c l  pyridines (spinacines.  
spinaceamines)
1 . 8 . 1 . 1  Formation and natural occurence
Spinacines and spinaceamines derive from the 
nuc leoph i l ic  r e a c t io n  of h i s t id in e  and histamine 
re s p e c t iv e ly  with an a l i p h a t i c  or aromatic aldehyde and 
subsequent c y c l i s a t i o n  of the primarily formed S c h i f f ' s  
base according to Fig.  1 . 8 .  The r ea c t io n  i s  f a c i l e  but 
ra th e r  more s e n s i t i v e  to the pH value then B-carboline 
formation from tryptophan and indoleamines. Cycl isa t ion  
of the imidazolic  S c h i f f ' s  base requires  an a lka l in e  pH 
value to f a c i l i t a t e  the loss  of the imino proton and 
increase  the nucleophi1i c i t y  a t  the 4(5)  posit ion  (Stocker 
e t  a l . ,  1966).
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FIGURE 1 .8  Mechanism of formation of spinacines  and 
spinaceamines
The optimum y ie ld  i s  usually  obtained in the pH range from 
7 to  9 depending on the s tru c tu re  of the carbonylic  
compound (Casella  & G u l l o t t i ,  1981; Neuberger, 1944). 
Higher pH values may lead to  rapid loss  of the carbonyl 
through a Idol condensation or Cannizaro re a c t io n  and 
subsequent formation of t a r s  (Habermehl & Ecsy, 1976).
Spinacines and spinaceamines have a t t r a c te d  fa r  le s s  
a t t e n t io n  than B -carb olin es  and t h e i r  natural occurence 
has been l i t t l e  in v e s t ig a te d .  In 1964 Erspamer et  a l .  
i s o la t e d  spinaceamine (up to 120 pg/g) and 5-methyl- 
spinaceamine (up to  425 Mfl/g) among other histamine 
d e r iv a t iv e s  from the skin gland s e c r e t io n s  of some 
amphibians. They postulated th at  these compounds were 
formed enzymically as intermediate  products of histamine 
metabolic  a c t i v a t io n  which involves methylation of the 
-NHta group. Spinacine has al so been i s o la te d  from the 
water soluble  f r a c t io n  of Panax ginseng roots  (Han et  a l . .
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1987),  the l iv e r  of the shark Acanthias vulgaris  and 
ed ib le  t issu e  of the crab Crango vulgaris  (c i ted  by 
Erspammer et  a l . ,  1964). Recently spinacine residues were 
id e n t i f i e d  in milk to which was added formaldehyde as a 
b a c t e r i o s t a t i c  agent (c i ted  by Anastasia et  a l . ,  1987). 
I t a l i a n  cheese made by formaldehyde treated  milk also 
contained spinacine s ta b ly  linked with Ya-casein.  After 
e x tra c t io n  and subsequent acid hydrolysis  of th is  protein, 
the spinacine content was found to range from 0 -4 5 .4  mg/kg 
in Grana Padano and from 0-206 .5  mg/kg in commercial 
Provolone cheese (Resmini, 1988).  I t  i s  believed that in 
these two cheeses spinacine derived from the spontaneous 
condensation between N-terminal h i s t id in e  in v2-*casein and 
formaldehyde (Fig. 1 . 8 ) .  Although no other reference for  
s im i la r  formation of spinacine residues in foods e x i s t s  so 
f a r  in the l i t e r a t u r e ,  i t  may be reasonably anticipated 
th a t  t h i s  formation a lso  takes place in other types of 
food products. The occurence of spinacine and
spinaceamine precursors in foods i s  discussed in the 
following s ec t io n .
1 . 8 . 1 . 2  Occurence of spinacine-spinaceamine precursors in 
foods
Free h i s t id in e  i s  formed in foods as a product of 
endogenous p ro te o ly s is  ( a u t o l y s i s ) , or protein break-down 
due to b a c te r ia l  a c t io n .  In f i s h  f le s h  where i t
c o n s t i tu te s  one of the predominant free  amino acids,  i t s  
concentration was found to range from 3 - 1 1 . 1X103 mg/kg
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(Tamase e t  a l . ,  1984; Leitao  et  a l . ,  1983) and i t  might 
fu rth e r  increase  a f t e r  long and/or warm storage.  Dark 
f leshed  f i s h  e s p e c ia l ly  Scombroid species  contain much 
higher concentrat ions  than white f leshed f i s h ,  despite  
th a t  L - h is t id in e  seems to be concentrated in the white 
muscle of f i s h  (Abe, 1983; Sakaguchi et  a l . ,  1982) . Raw
meat end meat products contain much lower h i s t id in e  leve ls  
( 0 -5 2 .7  mg/kg) (D ierick  e t  a l . ,  1974; Piotrowski et  a l . ,
1970) which are re leased  by cathepsins and other
p r o te o ly t i c  enzymes. In cheese, f ree  h i s t id i n e ,  a r i s in g
from the degradation of prote ins  by rennet and microbial 
enzymes during fermentation and ripening (Omar, 1987) was 
reported to range from 0 -2 .7 9  x 10° mg/kg (Cheng e t  a l . ,
1985) .
Histamine derives  in foods from h is t id in e  
decarboxylation.  Fresh f i s h  usually contains amounts 
lower than 50 mg/kg (Staruszkiewicz e t  a l . ,  1977).  Much 
higher amounts though can be formed during storage,  
e s p e c i a l l y  in Scombroid f i s h ,  by the ac t ion  of endogenous 
enzymes and of the m icrof lora  located in the skin,  g i l l  
and i n t e s t i n e s ,  on f re e  h i s t id i n e  (Arnold and Brown, 
1978) .  Histamine content of decomposed f i s h  ranged from
120 to  higher than 4 x 103 mg/kg (Staruszkiewicz et  a l . ,  
1977) .  In meat and meat products the level of histamine
i s  usually  low ranging from 1 -9 4 .6  mg/kg (Shepherd e t  a l . ,  
1987; Smith, 1980; L ekr i tz  e t  a l . ,  1975; Leitao  e t  a l . ,  
1983; Ramantanis et  a l . ,  1984; Tiecco et  a l . ,  1985).  A 
continuous increase  of histamine was noticed during dry 
sausage ripening (Ramantanis e t  a l . ,  1985).  Histamine i s
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a l s o  formed In cheese during ripening. The concentration 
i s  usually low but in some well  matured cheeses such as 
Cheddar, Swiss cheese, Roquefort, Camembert e tc .  might 
reach high le v e ls  (0 -4 .1  x 103 mg/kg: Smith, 1980;
Chambers & Staruszkiewich, 1978) . Histamine has a lso  been 
found in wine (0-30 mg/1: Quevauviller & Maziere, 1969) ,  
beer (154-200 Narziss e t  a l . ,  1984), soy sauce and
various vegetables  such as spinach, sauerkaut,  tomato and 
spinach leaf  (Smith, 1980; Shephard, 1987).  High lev e ls  
of histamine accompanied by other biogenic  amines in 
sp e c ie s  of Scombroidae family have been associated  with 
scombroid poisoning (Cruiclcshenk & Wil l iams,  1978).
However, recent  work in t h i s  laboratory has cast  doubt on 
t h i s  a s so c ia t io n  as the cause of scombroidism (C l i f fo rd  et  
a l . ,  1989a; C l i f f o r d  e t  a l . ,  1989b).  A s im ila r  to x ic
e f f e c t  (histamine poisoning) has o ccas io n a l ly  been
observed with cheeses containing high concentrat ions of
histamine, tyramine, putrescine and cadaverine.  The
t o x i c i t y  of these cheeses i s  believed to be due to  the 
in h ib i t io n  of histamine catabolism (oxidative  deamination) 
by MAO in h ib i to r s  present in the food or used as drugs 
(Smith, 1980; s e c t io n  1 . 7 . 1 ) .
The occurence of carbonylic  compounds in foods has 
been discussed in s e c t io n  1 . 5 . 4 . 2 .
Considering the information given above i t  is  evident 
th a t  there e x i s t s  a high p o s s i b i l i t y  of actual  formation 
of spinacines and spinaceamines in c e r ta in  types of foods 
such as matured cheeses and scombroid f i s h  e s p e c ia l ly  
a f t e r  smoking. These products contain high leve ls  of
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precursors which are frequently present a t  s l i g h t l y  
a l k a l i n e  pH values.  Therefore, a future in v est ig a t io n  of 
the natural occurence of spinacines-spinaceamines could 
poss ib ly  begin with these types of foods.
1 . 8 . 1 . 3  Physio logica l  e f f e c t s  of spinacines-spinaceamines
The known physiological  e f f e c t s  of these compounds 
are l im ited.  Moreover, due to  t h e i r  hydrophi1i c i t y  
spinacines  and spineceamines absorbed by the alimentary 
canal wi l l  not be able to  cross  the blood brain  b a r r ie r  
and exert  any d i r e c t  physiological  /  pharmacological 
a c t i v i t y  by r e a c t in g  with recep tors  in the brain (Boreisha 
e t  a l . ,  1988). The oral t o x i c i t y  of formaldehyde deriving 
spinacine has been invest igated  in r a t s .  At doses of up 
to  300 mg/kg body weight/day and for  13 wk i t  did not 
cause any e f f e c t s  upon su rv iva l ,  growth or food intake. 
Moreover no changes in haematologica1 parameters, serum 
chemistry,  organ weights and no gross or h i s t o lo g i c a l  
m odif icat ions  were noticed by the end of th i s  study (Gal l i  
e t  a l . ,  1989).
Spinacines a r i s in g  from pyridoxal may play a 
b i o l o g i c a l l y  important r o l e .  Their in vivo formation 
which has not been proved yet  or t h e i r  uptake from food 
might lead to  a decrease of avai l abl e  f ree  pyridoxal 
concentrat ion  and th e re fo re  to a p a r t ia l  in a c t iv a t io n  of 
pyridoxal dependent enzymes (Casella  & Gul l ot i ,  1981) such 
as diamine oxidase, amino t ra n s fe r a s e  and amino acid 
decarboxylase which are e s s e n t ia l  for  the metabolism of
biogenic  amines. This might be one of the fa c to rs  
contr ibuting  to scombroidism and/or histamine poisoning 
which have been re la te d  to  d e f i c i e n t  histamine metabolism.
1 . 8 . 2  Thiazolidines
Thiazolidines and th ia z o l id in e  carboxylic  acids are 
re a d i ly  formed by condensation of cysteamine or cysteine 
with a carbonyl at  pH>5. For pyridoxal phosphate t h i s  
condensation takes place over pH range 4-10 with maximum 
y i e l d  at  pH~8 (Bergel & Harrap, 1961) .
H2c CH —COOH h2C------CH H f -----CH-COOH
FIGURE 1,9  Formation of t h i a z o l idine-4-carboxy1ic  acids
Such products have been is o la te d  from the browning 
re a c t io n  at 100°C of model systems consis t ing  of 
cysteamine and aldehydes or D-glucose which a c ts  as a 
carbonyl precursor (Sakaguchi & Shibamoto, 1978). 2-Methyl 
th ia z o l id in e  or ig in a t in g  from the r e a c t io n  of acetaldehyde 
with mercapto-ethylamine was id e n t i f ie d  as one of the 
major pyrolysis  products of cyste ine  and cyst ine  at  270°-  
3 00 *C and reduced pressure under nitrogen (Fujimaki et  
a l . .  1969).  The natural occurence of th ia z o l id in e  and i t s  
analogues in foods has not been reported ye t .  This is  
probably due to t h e i r  f a c i l e  dehydrogenation to
4- rch=o
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R
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th ia z o l in e s  and th ia z o le s  when they are heated as well  as 
t h e i r  f a c i l e  n i t r o s a t io n  rea c t ion .  Thiazolidine
carboxyl ic  acid n i t r o s a t e s  250-500 times more rapidly than 
proline  (Pensabene & Fiddler ,  1985b).
The con s is ten t  occurence of th iaz o l id in e  n i t ro sa t io n  
d e r iv a t iv es  in a v a r ie ty  of smoked cured meats has been 
proved several  times s ince t h e i r  f i r s t  i s o la t io n  from 
f r ie d  bacon (Kimoto et  a l . ,  1982). Four more recent
s tu dies  (Pensabene & F iddler ,  1983; Pensabene & Fiddler ,
1985b; Sen et  a l . ,  1986; Skrypec et  a l . ,  1985) examined
the n i t r o so th ia z o l id in e  (NTHZ) and n i tro so th iaz o l id in e  
carboxylic  acid (NTHZC) content of various raw and cooked
cured meat products, a few cheeses and seafoods. NTHZ
content ranged from undetectable  to 32 pg/kg whereas NTHZC 
le v e ls  were gen era l ly  la rger  and more v a r ia b le .  Fourteen 
types of smoked products including dry cured bacon and 
ham, sausages, poultry franks, cheese, raw mutton, beef 
and pork s t r i p s ,  contained le s s  than 500 pg/kg. The 
content of seven types of samples including cure pumped 
bacon, f i s h  and seafoods, smoked pig meet, pastes 
containing ham, and smoked cooked mutton ranged from 0 -
5, 000 whereas f r ie d  bacon occas ional ly  contained up
to 14,000 pg/kg. 2-(hydroxymethy1)-NTHZC a r is in g  from the 
r e a c t io n  of smoke glycolaldehyde with free  cysteine was 
i d e n t i f i e d  in smoked cured meats (up to 1-2 mg/kg Massey 
et  a l . ,  1985) . The corresponding free  base i . e .  2 -  
(hydroxymethy1)-NTHZ was found to occur at much lower 
concentrat ions (0-13 pg/kg) in f r ie d  bacon and smoked ham 
(Sen e t  a l . ,  1989) .  Besides,  2-methy1-NTHZ was detected in
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model systems containing wood smoke condensate, cysteamine 
and n i t r i t e  (Mandagere et  a l . ,  1984).
Although the exact  mechanism of formation of these 
compounds in smoked cured meats has not been e s ta b l ish ed  
ye t ,  i t  i s  believed th a t  they are formed during the smoke 
and heat processing of these products when t h e i r  f ree  
cy s te in e  or cysteamine (Pensabene e t  a l . ,  1987) r e a c t  with 
aldehydes such as HCHO, CH2OHCHO or CH3CHO coming from 
smoke or in smaller  amounts from sugar fragmentation. The 
product of the r e a c t io n  i s  subsequently n i tro sa te d  e i t h e r  
by n i t r i t e s  absorbed from the curing mixture or to a 
sm aller  extent by nitrogen oxides from the wood smoke or 
gas used in heating (Mandagere e t  a l . ,  1984; Pensabene & 
F id d ler ,  1985a; Kalve & Kann, 1980; a lso  Chapter 6 ) .
NTHZ and i t s  2 -a lky l  d e r iv a t iv e s  when prepared from 
the Mail lard browning r e a c t io n  (aldehydes and cysteamine) 
and n i t r i t e  without i s o l a t i n g  t h i a z o l i d i n e , showed 
p o s i t iv e  mutagenic responses towards Salmonella 
tvphimurium TA-100 s t r a i n  without metabolic  a c t iv a t io n .  
This mutagenicity i s  r a th e r  due to  a contaminant formed 
during the n i t r o s a t io n  of the above described browning 
system beacause chemically pure NTHZ synthesised by d i r e c t  
n i t r o s a t io n  of th ie z o l id in e  is  not mutagenic (Fiddler e t  
a l . ,  1983; Sekizawa & Shibamoto, 1980; Mi l l e r  et  a l . ,
1985) (Also s e c t io n  6 . 1 . 1 ) .  NTHZC i s  not mutagenic but i t  
has been shown to  induce d iabetes  in experimental animals. 
Helgason et  a l .  (1984) a sso c ia ted  i t  with the high 
incidence of d iabetes  in ju v e n i le s  whose mothers consumed 
smoked meats with high NTHZC content during pregnancy
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1-9 AIMS OF THIS STUDY
On the b a s is  of a l l  previously published information 
about the occurence of 8 -c a r b o l in e s ,  spinacines and 
th ia z o l id in e s  and t h e i r  precursors in food i t  was 
considered poss ib le  that  these compounds may occur in 
smoked products and p a r t i c u l a r l y  in cured fermented meats 
and meat products, f i s h  and cheese.
In view of the known or p o te n t ia l  b io lo g ic a l  e f f e c t s  
of these condensation products, e s p e c ia l ly  8 -carb o l in es ,  
and in view of the lack of a n a ly t i c a l  data for  t h e i r  
occurence in such foods, i t  seemed d es ira b le  that  r e l i a b l e  
data be obtained. Individual te t rah yd ro -8 -
carbolinocarboxy1ic  ac ids were s e le c te d  for  p r i o r i ty  of 
a t t e n t io n  on the b a s is  of the r e l a t i v e l y  p le n t i fu l  
occurence of t h e i r  aldehydic precursors in smoke. Such 
compounds are THBC3C00H, CH3TH8C3C00H and H0CH3TH8C3C00H 
d e r iv a t iv e s  of tryptophan with formaldehyde, acetaldehyde 
and glycolaldehyde r e s p e c t iv e ly .  PheTH8C3COOH and
Sa1THBC3C00H, d e r iv a t iv e s  of benzaldehyde and
sal  i c y 1 aldehyde r e s p e c t iv e ly  were al so included in the 
present in v e s t ig a t io n  s ince  the easiness  of t h e i r  
formation had already been proved in model experiments 
(Farr - Jon es ,  1986).
To summarise, the o b je c t i v e s  of t h i s  in vest iga t io n  
were as fol lows:
( c i t e d  b y  S e n  e t  a l . ,  1 9 8 6 ) .
A .  S y n t h e s i s  a n d  i d e n t i f i c a t i o n  o f  t h e  a b o v e  f i v e
te trahydro-B-carbolinocarboxy1ic  a c i d s .
B. Development of a method for  t h e i r  i d e n t i f i c a t i o n  and 
qu anti ta t ion  in smoked food stu ffs .
C, Analysis of commercial smoked foods in order to 
determine the occurence of these compounds in such 
products.
Three spinacine d e r iv a t iv es  of formaldehyde, 
benzaldehyde and s e 1 i c y 1 aldehyde were al so synthesised and 
i d e n t i f i e d .  Their  d e te c t io n  in smoked products must 
however be the o b je c t  of a fu rther  in v e s t ig a t io n .
-  4 0  -
-  41  -
CHAPTER 2
SYNTHESIS AND CHARACTERISATION OF TETRAHYDRO-B-CARBOLINO­
CARBOXYL I C ACIDS
2 .1  INTRODUCTION
The synthesis  of the f i v e  te trah yd ro-B-carbol in o­
carboxyl i c  acids which would be used as standard compounds 
was c a rr ie d  out as a f i r s t  s tep  to  the experimental work.
The method of syn th es is  s e le c te d  was the P i c t e t -
Spengler condensation of L-tryptophan with the
corresponding aldehydes in the presence of d i lu te  mineral 
ac id .  The r e ac t io n  i s  an ac id  ca ta lysed  Mannich-type 
condensation in which tryptophan supplies  the nucleophil ic  
as well as the b a s ic  cen tre  y ie ld in g  t r i c y c l i c  compounds. 
(F ig .  1 . 2 . ) .  In s p i t e  of the f a c t  th a t  the highest  y ie ld s  
of product compared to  other  methods are not always
obtained (Soerens e t  a l . ,  1979) ,  i t  has been chosen
because i t  was f e l t  th a t  i t  bears some resemblance to the 
way 8-CCA may be formed in the a c id i c  conditions of smoked 
foods. Hence, the ease and y i e l d  of each synthesis  might 
be used as in d ica to rs  of the p o te n t ia l  occurence of the 
corresponding imino acid in smoked products. From Fig .
1 .2  i t  i s  obvious th at  the driving force of the 
c y c l i s a t i o n  and consequently of the whole re a c t io n ,  i s  the 
e l e c t r o p h i l i c  ch ara c ter  of the carbon—nitrogen double bond 
in the intermediate imine. Therefore the ease of 
formation of various products should be dependent on the
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e le c t ro n  donating a b i l i t y  of the aldehyde moiety present.
Since the P ic te t -S p e n g le r  r e a c t io n ,  with the 
exception of formaldehyde, involves the introduction of a 
c h i r a l  centre  in the n a tu ra l ly  occuring o p t i c a l l y  a c t iv e  
L-tryptophan, a mixture of two diastereomers should be 
expected to derive from a l l  other syntheses (Le Men & Fan, 
1959). A l i t e r a t u r e  survey revealed that  P ic te t -S p e n g le r  
r e a c t io n  in aqueous a c id i c  medium y ie ld s  predominantly the 
L - c i s  1 , 3 -d is u b s t i tu te d  d e r iv a t iv e  (De S i lv a  e t  a l . ,
1971) .  Moreover, the r a t i o  of  L - c i s /L - t r a n s  isomers 
depends on the s u b s t i tu e n t  at  C-l  of the pyridine r in g .  
Examination of molecular models (Fig .  2 . 1)  and comparison 
of the most s ta b le  tw is t  cha ir  conformer fo r  the c i s  
isomer (A) with th a t  of the tran s  isomer (C) indicated 
th a t  the l a t t e r  i s  f re e  of unfavorable in te r a c t io n s  
between the indole N« proton and the C-l su b st i tu en t  which 
i s  located in an a x ia l  p o s i t io n  (Ungemach e t  a l . ,  1980).  
Therefore as the bulk of  the sub st i tu en t  in creases  in the 
ac id  cata lysed  e q u i l i b r a t i o n  thermodynamically le ss  
favourable trans  isomer should be expected to  form in 
la rger  amounts (De S i lv a  e t  a l . ,  1971). A r a t i o  of 10:1 
has been c i t e d  for  CH3THBC3C00H (Brossi e t  a l . .  1973).  
The r a t i o  for  PheTH6C3COOH has been found to  be 82 :18  
(Saxena e t  a l . ,  1973) ,  whereas for  CH3CH2THBC3C00CH3 i t  
was 43 :57  (Ungemach e t  a l . ,  1980).
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FIGURE 2 .1  Poss ib le  tw ist  ch a ir  conformations fo r  c i s  and 
tran s  isomers of L - l , 2 , 3 , 4 - te trah yd ro-B-carbol in o  
carboxylic  acids (Ungemach e t  a l . ,  1980).
The melting point for  each of the c i s  diastereomer is  
g en era l ly  higher than fo r  the corresponding trans 
diastereomer. This d i f fe r e n c e  a r i s e s  from the
d ieq u ato r ia l  nature of the c i s  compounds which decreases 
the s t e r i c  bulk perpendicular to the indole plane 
permitting t i g h t e r  packing in the c r y s t a l ,  in co ntras t  to 
the trans isomers which have the a x ia l  group perpendicular 
to  the plane of the indole r ing .
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The following reagents  of a n a ly t ic a l  grade were 
purchased from BDH Chemicals Lt d. ,  Poole, Dorset: Ammonia, 
4-dimethylamino-benzaldehyde, 2 , 4-dinitrophenylhydrazine, 
absolute  ethanol, e th er ,  formaldehyde (37-40% w/v),
iodine,  sodium hydroxide (0 . 1  M s o lu t io n ) ,  sulphuric acid 
(0.5M s o l ut i on) ,  v a n i l l i n .  Benzaldehyde, sal  icylaldehyde 
ninhydrin spray (0.5% in b u ta n - l - o l )  and ac t iv a ted  
charcoal d eco lo r is in g  powder were a lso  obtained from the 
same supplier .
L -H ist id ine  monohydrochloride monohydrate and 
glycolaldehyde (dimer) were obtained from Sigma Chemical 
Co. L td . ,  Poole, Dorset.
L-Tryptophen, L -H ist id in e  f ree  base and anhydrous 
acetaldehyde a l l  of a n a ly t i c a l  grade were purchased from 
Fluka Chemicals L td . ,  Glossop, Derbyshire.
TLC aluminium sheets  S i l i c a  gel  60 (without 
f luorescence  in d ica to r )  were obtained from Merck, 
Darmstadt, FRG.
Benzaldehyde and s a l  icylaldehyde were freshy 
d i s t i l l e d  in vacuum. Glycolaldehyde was stored at -20*C 
in a d e s ic c a to r  u n t i l  used. Anhydrous acetaldehyde was 
s tored  a t  -20*C and ju s t  before use i t  was d i s t i l l e d  at  
room temperature (b.p.  20“-21*C) and placed in ice  cooled
f la s k s  and beakers.
E hr l ich  reagent was prepared by d isso lv ing  100 g/1 of 
4-dimethylamino-benzaldehyde in 17.5% hydrochloric  acid.
DNPH reagent was prepared by disso lving 2g of 2 , 4 -
2 . 2  M A T E R I A L S
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dinitropheny1-hydrazine in 180 ml concentrated HC1 and 
d i lu t in g  to 1 l i t r e .  The so lu t io n  was f i l t e r e d  before use 
to remove p a r t i c l e s  which might c log the spray nozzle.
2 .3  METHODS
2 . 3 . 1  Syntheses
The f iv e  compounds were synthesised according to the 
following methods:
A. Tetrahydro-B-carbolin e-3-carboxy1ic  acid or 2 , 3 , 4 ,
9-Tetrahydro-lH-pyrido[ 3 , 4 -b ] in d o le - 3 -carboxy1ic  acid .
FIGURE 2 .2  Molecular s tru ctu re  of 
T e trah yd ro-B -carb o l in e -3 -  
carb o xyl ic  acid (MW 216.24)
1 s t  synthesis  (The method of Harvey e t  a l . ,  1941 was 
followed).  2 .04  g of L-tryptophan ( ~ 0 , 01  mole) was 
d issolved in 100 ml of 0.1N NaOH and 1.1 ml of formol 
(^0 .014  mole) was slowly added. The r e s u l ta n t  l ig h t  
yellow so lut ion  was incubated at  3 8 #C. After  15 b i t  was 
cooled and while ad just in g  the pH to  6 .5  a copious white 
p r e c ip i t a te  separated. The mixture was stored overnight 
in a r e f r i g e r a t o r  and the product was f i l t e r e d  o f f ,  washed 
with e th er ,  r e c r y s t a l l i s e d  from hot d i l u t e  ammonia and 
dried under vacuum. Yi el d a f t e r  r e c r y s t a l l i s a t i o n  65%.
2nd synthesis  (The method of Jacobs & Craig, 1936 was 
followed).  5 g (0 .0245 mole) of L-tryptophan was dissolved
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in 40ml water containing 12.5ml of 0.5M HaSCu and 12.5ml 
( ~ 0 . 1 6  mole) formol was added to the so lu t io n .  The 
r e a c t io n  mixture was kept a t  room temperature for  2 h 
during which c r y s t a l l i s a t i o n  of the product occured. A 
s l i g h t  excess of ammonia was added and the mixture stored 
overnight in a r e f r i g e r a t o r .  The p r e c ip i ta te  was
c o l le c te d  by f i l t r a t i o n  and dissolved in a hot so lut ion  of 
50% methanol containing ammonia. After b o i l in g  o f f  most 
of the methanol and ammonia TH3C3C0QH c r y s t a l l i s e d  out. 
I t  was c o l le c te d  by f i l t r a t i o n ,  r e c r y s t a l l i s e d  from the 
same solvent and f i n a l l y  dried under vacuum.
The product of the two syntheses melted with 
effervescence  a t  274*-276°C a f t e r  darkening above 240“C.
B. 1-M ethyi-te trahydro-B-carbolin e-3 -ca rb o x y l ic  acid or 
l -M e th y l-2 ,3 ,4 ,9 - te tra h y d ro - lH -p y r id o  [ 3 , 4-b] in d o le -3 -  
carboxylic  acid.
FIGURE 2 .3  Molecular s tru ctu re  of 
1-Methy1-tetrahydro-8-carbo1i ne 
-3 -c a r b o x y l ic  acid (MW 230.27)
The method of Snyder e t  a l . ,  (1948) was followed. A 
mixture containing 6 .64g (0 .033 mole) of L-tryptophan in 
100ml water, 33ml of 0.5M HaSCU and 17.5ml of f re sh ly  
d i s t i l l e d  acetaldehyde was prepared in a three necked 
f l a s k  equipped with a mechanical s t i r r e r  and a water 
condenser which was connected to  a d ry- ice  condenser. The 
content of the f la s k  was vigorously s t i r r e d  and heated for
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1 h in a water bath end then for  2 h on a steam bath. The 
d ry - ic e  condenser was removed from the top of the water 
condenser and heating of the r e s u l t in g  c l e a r  yel low 
s o lu t io n  was continued for  4 .5  h to remove the excess 
acetaldehyde. The so lu t io n  was made strongly a l ka l i ne  
with concentrated NFUOH. heated for  30 min. on the steam 
bath with d eco lo r is in g  charcoal,  f i l t e r e d  end concentrated 
in a ro tary  evaporator to  40ml. Upon cool ing,  a copious 
p r e c i p i t a t e  forming white to cream c r y s t a l l i n e  needles 
separated out. The mixture was stored overnight in a 
r e f r i g e r a t o r  and then the product was f i l t e r e d  o f f ,  washed 
with cold water, r e c r y s t a l l i s e d  from 50% ethanol and dried 
under vacuum. Further concentrat ion of the mother l iquor 
caused the p r e c ip i t a t i o n  of smell q u a n t i t ie s  subsequently 
found to  be the lower melting point trens isomer which was 
r e c r y s t e 11ised from water. Total y i e l d  a f t e r
r e c r y s t a l l i s a t i o n  71%. The product melted at 264°-266°C 
a f t e r  darkening a t  260°C. Low melting point isomer: 225° -  
227 °C.
HPLC an alys is  of both isomers showed th at  the low 
m.p. isomer has a longer R* than the high m.p. one and 
emerges a f t e r  i t  on the HPLC chromatogram (Fig.  3 . 6 ( b ) ) .
C. 1-Hydroxymethy1- te t r a h y d r o - B - c a r b o l ine-3-carboxy1ic  
acid or 1-Hydroxymethy1 - 2 , 3 , 4 , 9-tetrahydro-lH-pyrido 
[3 .4 -b ]  indole -3-cerboxy1ic  acid.
FIGURE 2 .4  Molecular s tru ctu re  of 1- 
Hydroxymethy1-te trah y d ro -B -carb o l in e  
- 3 - c a r b o x y l i c  acid (MW 246.27)
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The method of Spencer, (1959) was followed. 3.063g 
(0 .015 mole) of L-tryptophan was dissolved in 150 ml of 
0.05M HaSO* and then 0 .991g (0.0165 mole) of
glycolaIdehyde was slowly added. The mixture was
mechanically s t i r r e d  and heated on a steam bath u n t i l  a 
sample no longer gave a p r e c ip i t a t e  with dinitropheny1- 
hydrazine (*»4h) . The r e s u l ta n t  dark so lu t io n  was t rea ted  
with charcoal and f i l t e r e d  by suct ion .  The f i l t r a t e  was 
adjusted to pH 6 with aqueous ammonia and subsequently i t s  
volume was reduced in a ro ta ry  evaporator. Upon cooling 
the product separated as grey white, needle shaped 
c r y s t a l s .  I t  was separated by f i l t r a t i o n  and
r e c r y s t a l l i s e d  from d i l u t e  ammonia and from water. 
Eventually a f t e r  vacuum drying a 32% yi e l d  was obtained. 
Melting point 247°-249*C with e f fervescen ce  and 
decomposition ( s ta r te d  darkening a t~2 3 0*C ) . Elemental 
a n a ly s is .  Calculated fo r  CxaHmCbNa: C, 63.40%; H, 5.73%; 
N, 11.38%. Found: C, 63.51%; H, 5.68%; N, 11.40%.
A minute amount of the more water so luble  trans  
isomer was obtained by fu rth er  concentrat ion of the 
r e a c t io n  mixture. After  c o l l e c t i o n  and r e c r y s t a l l i s a t i o n  
from water i t  melted a t  2 2 0 * -2 2 2 aC with decomposition. 
Elemental a n a ly s is .  Found: C, 59.99%; H, 5.96%; N, 10.89%. 
Calculated for  CiaHsmOaNs.HaO: C, 59.08%; H, 6.10%; N. 
10.60%.
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D. 1-Phenyl-te trahydro-B~carboline-3-carboxy1ic  acid 
or l -P h e n y l -2 ,3 , 4 , 9-tetrahydro-lH-pyrido ( 3 , 4-b] 
in d o le -3 -ca rb o x y l ic  ac id .
FIGURE 2 .5  Molecular s tru ctu re  of 
1 -Pheny1-tetrahydro-B-carboline-  
3 -ca rb o x y l ic  acid (MW 292.34)
The Method of Snyder e t  a l . ,  (1948) was followed. A 
so lu t io n  c o n s is t in g  of 6 .13g (0 .03  mole) L-tryptophan,
30ml of 0.5M HaSCu, 60ml water, 3 .5g (0 .033 mole) 
benzaldehyde d i s t i l l e d  in vacuum ju s t  before use and 40ml 
96% ethanol,  was mechanically s t i r r e d  and refluxed for 
30h. The r e a c t io n  mixture was c h i l l e d  on ice  and 
ex tra c ted  twice with 100ml of e ther  (Jacobs & Craig, 1936) 
to  remove the excess  benzaldehyde, made strongly  a l ka l i ne  
with concentrated ammonia, and f i l t e r e d .  The f i l t r a t e  was 
heated with d e co lo r is in g  charcoal for  30 min. ,  d iluted 
with 30 ml ammonia, and f i l t e r e d  by suction w hilst  hot . 
On cooling,  the product separated as white needle shaped 
c r y s t a l s  which were f i l t e r e d  by suction and r e c r y s t a l l i s e d  
from d i lu te  ammonia. Successive concentrat ions of the
f i l t r a t e  in a ro ta ry  evaporator and further  c h i l l i n g  on 
ic e  yielded small q u a n t i t i e s  of the same product which 
were c o l le c te d  and r e c r y s t a l l i s e d  from hot d i lu te  ammonia. 
Yi e l d of the product a f t e r  r e c r y s t a l l i s a t i o n  and vacuum 
drying 22%. M.p. 2 0 6 ° -2 0 8 #C with e f fervescence  a f t e r  
darkening at 204°C.
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E. 1-Sal  i c y 1- te t ra h y d ro -B -c a rb o l ine-3-carboxy1ic  acid or 
1 - [2 / -Hydroxy-Pheny1 ] - 2 , 3 , 4 , 9-tetrahydro-lH-pyrido 
[3 ,4 -b ]  ind o le -3 -carb o xyl i c  ac id .
FIGURE 2 .6  Molecular s tru ctu re  of 
1-Sal  icy 1 - te tra h yd ro -B -ca rb o1ine-  
3 -carb ox y l ic  acid (MW 308.34)
L-Tryptophan (6.13g *'0.03 mole) was dissolved in 50 
ml water containing 30ml 0.5M HaS0« and f r e sh ly  vacuum 
d i s t i l l e d  sal  icy la ldehyde (4 .03g *'0.033 mole) dissolved in 
50ml ethanol was added to  the so lut ion  under vigorous 
s t i r r i n g .  The mixture was s t i r r e d  and ref luxed  for 24 h 
a t  9 5 “C, cooled and stored in the r e f r i g e r a t o r  over-night 
under a nitrogen atmosphere. The white p r e c ip i t a te  which 
separated was f i l t e r e d  o f f ,  c o l le c te d  and r e c r y s t a l l i s e d  
from b o i l in g  water (Tests  with ninhydrin and Ehrl ich 
reagent were n e g a t iv e ) . Further concentrat ion of the 
mother l iquor and successive increase  of the pH caused the 
separation  of four new p r e c i p i t a t e s .  They were c o l le c te d  
by f i l t r a t i o n  and r e c r y s t a l l i s e d  from b o i l in g  water to 
y ie ld  smaller  q u a n t i t ie s  of a lower m.p. isomer. Overall 
y i e l d  11.15%.
When heated, the higher m.p. f r a c t io n  s tar ted  
darkening end decomposing at  220*C. F i n a l l y ,  i t  melted 
with effervescence  at  243a- 2 4 4 ’ C. The lower m.p. f ra c t io n  
a l so  s ta r te d  darkening and decomposing at 220*C but melted 
at  222°-224°C with e f ferv escen ce .  When analysed by HPLC i t
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was shown that  the higher m.p. f r a c t io n  was a mixture of 
two isomers with d i f f e r e n t  Rt whereas the lower m.p. 
f r a c t io n  consisted of the longer isomer only (Figs 3 . 2 ,  
3 . 8 ) .  This isomer a l so  prevailed  in the chromatogram of 
the higher m.p. f r a c t i o n .  Elemental a n a ly s is .  Calculated 
fo r  CxbHisN2 0 3 . 2 H2 0  : C, 63.15%; H, 5 . 89 ;  N, 8.18%.
Found; C, 63.85%; H, 6.14%; N, 8.98%.
2 . 3 . 2  C r i te r ia  of id e n t i t y
Spot t e s t s  were performed as follows:  Solutions of 
the purif ied  products in water or methanol (~5 mg/ml) were 
spotted onto s i l i c a  gel coated aluminium sheets .  These 
were sprayed e i t h e r  with ninhydrin, and heated at  110°C 
fo r  30 min. ,  or with E h r l ich  or DNPH reagents and the 
immediate colour development observed.
Utlra v i o l e t  spectra  were recorded on a Pye Unicam 
double beam spectrophotometer using so lut ions  in 50% 
e th a n o l .
Mass spectra were obtained with an AEI MS12 mass 
spectrometer.
Proton NMR spectra  were recorded on a BRUKER WH-90 
Pulse Fourier Transform NMR spectrometer operating at 90 
MHz. E ither  te t ra m e th y ls i lan e  (TMS) or 2 , 2 '  -d im ethyl-2-  
s i lapentane sulphonic acid sodium s a l t  (DSS) were used as 
in terna l  reference  standards.
Carbon 13 NMR spectra  were recorded on a BRUKER AC- 
300 Nuclear Magnetic Resonance spectrometer operating at  
75 Mhz. The compounds were dissolved in 2M NaOH.
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All melt ing points  were taken in open c a p i l l a r y  tubes 
on a d i g i t a l  Electrothermal 8, 100 mel t ing point apparatus.
Elemental analyses were performed on a Perkin-Elmer 
240 B Elemental Analyser. P r io r  to anal ys i s  the samples 
were dried in a high vacuum for  several hours at room 
temperature.
2 .4  RESULTS AND DISCUSSION
As expected the ease of formation and hence the y i e l d  
of 8-CCA obtained from each synthes is  varied depending on 
the type of aldehyde used. Acetaldehyde was found to  be 
highly r e a c t iv e .  A l i t e r a t u r e  survey revealed that  i t s  
condensation with tryptophan can rea d i ly  take place even 
in mild physiological  condit ions.  Harvey St Robson, (1938) 
reported that  Ch3TH8C3C00H c r y s t a l l i s e d  overnight in 
nearly  q u a n t i ta t iv e  y i e l d  from a concentrated aqueous 
mixture of molar q u a n t i t ie s  of tryptophan end acetaldehyde 
kept at room temperature (pH 6 . 7 ) .  Formaldehyde was al so 
c i t e d  as highly r e a c t iv e  and i t s  condensation with 
tryptophan as the only case in which a cyc l ised  product 
may be obtained not only in the presence of acid but a l so 
under a l ka l i ne  condit ions.  In the present work the 
syn th es is  of the corresponding product was performed twice 
under both conditions with the same high y i e l d .
The aromatic aldehydes exhib ited  reduced r e a c t i v i t y .  
I t  was found th at  they require  several hours of heating 
with the precursor amino acid in order to achieve a 
reasonable y i e l d  of the product. Moreover, s u f f i c i e n t
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alcohol should be added to cause complete d is s o lu t io n  of 
the aldehyde in the homogeneous r e a c t io n  mixture.  Even 
so, v a n i l l i n  did not y i e l d  the expected product. After  
several  hours of heating with tryptophan under a c i d i c  or 
neutral  conditions i t  yielded a dark yel low so lut io n  from 
which only the i n i t i a l  compounds were obtained. The 
f a i l u r e  of the corresponding intermediate imine ( I )  to 
undergo c y c l i s a t i o n  could be a t t r ib u te d  to the mesomeric 
e f f e c t  of the 4-phenolic  oxygen of v a n i l l i n  which by 
r e le a s in g  e le c tro n s  rendered the double bond of the 
S c h i f f ' s  base (I )  l e s s  e l e c t r o p h i 1i c . A s i mi l a r
in h ib i to ry  mechanism i s  obviously responsible  for  the low 
y i e l d  of 2-hydroxy-benzaldehyde (sal  i c y 1 aldehyde)
d er iv a t iv e  (Soerens e t  a l . ,  1979; Hemaguchi et  a l . ,  1974) .
FIGURE 2 .7  S c h i f f ' s  base deriving 
from the r e ac t io n  of tryptophan 
with v a n i l l i n
The f i r s t  evidence of 3-CCA formation was provided by 
the spot t e s t s .  None of the synthesised compounds gave 
with Ehrl ich  reagent the purple colour general ly  developed 
by indole d e r iv a t iv es  having a or 8 posit ions  f r e e .  When 
sprayed with ninhydrin and heated in the oven, spots  of 
the f iv e  compounds on s i l i c a  gel  turned yel low,  as 
expected from imino ac ids .
Ultra v i o l e t  absorption spectra  of the f iv e  products 
presented two bands at  254-290 nm and at 200-230 nm
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WAVELENGTH (nm) WAVELENGTH (nm)
WAVELENGTH (nm)
Continued.
-  5 6  -
W A V E L E N G T H  ( n m )  W A V E L E N G T H  ( n m )
FIGURE 2.8 Ultra violet spectra of: a) TH8C3C00H, laax 221 nm); b) cis-CM&CSCOOH, Xmax 221 na;
c) cis-H0CH2TH8C3C00H. Xaax 221 nm; d) cis-PheTHBC3C0QH, Xmax 221 na; e) high a.p. SalTOCOOH 
(diastereoneric mixture), Xaax 222na. The coapounds were dissolved in 50% ethanol.
Concentrations: a) 23.12 pH. b) 21.93 pH. c) 20.71 pH, d) 17.45 pH, e) 16.22 pH.
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r e s p e c t iv e ly .  The l a t t e r  was more intense with a shoulder 
a t  202 nm (Fig.  2 . 8 ) .  Cyc l i s a t i on of the S c h i f f l s base 
intermediates was confirmed by the absence of azomethine 
absorption bends at  350-400 nm. The molar ex t i nc t i on  
c o e f f i c i e n t s  of each compound at various wavelengths are 
given in Table 2 . 1 .
Mass spectra provided a fu rther  confirmation of the 
syn th es is  of the f i ve  B-CCA because they included a l l  the 
ion ic  fragments expected to derive from each compound 
(Table 2 .2  and Fig.  2 . 9 ) .  The main fragmentation pathway 
in the mass spectrometer as well  as the mass of the 
fragments produced from each imino acid are as fol lows:
2 1 6 (molecular ion) 171 143(base peak)
2 3 0 (molecular ion) 185 157(base peak)
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3 ) +S.
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FIGURE 2.9 Hass spectra of: THBC3C00H (a); CH3THBC3C00H (b): 0HCH2THBC3C00H (c); PbeTHBC3C00H (d); 
SalTHBC3C00H (e). Hass spectronetric conditions: inlet tenp. 250‘C (a), 350*C (b), 250‘C (c), 
170’C (d). 200'C (e); ion source tenp., 270‘C (a), (b), 250*C (c), (d), (e); electron energy: 
70eV.
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As is evident from the experimental section 2.3.1 the 
formation of each imino acid as a mixture of two 
diastereomers was observed only with acetaldehyde, 
glycolaldehyde and sa1 icy la ldehyde. In these cases the 
separation of two isomers of d i f fe ren t  melting points and 
s o lu b i l i t i e s  was poss ib le 'by  simple c ry sta l l i sa t ion  of the 
product from the reaction mixture. In order to assign the 
stereochemistry of a l l  the synthesised products, as well 
as to check their  stereochemical homogeneity proton NMR 
spectroscopy was i n i t i a l l y  employed.
THBC3CC0H: a) (Taken in TFA-d, inter. re f .  TMS) 5: 3.24- 
3.80 (2 pr, m, C-4 H ) ; 4.56-4.62 ( lp r ,  m, C-3 H ) ; 4.81
(2pr, s, C-l  H ) ; 7.32-7.51 (4pr, m, C-ar. H ) . b) (Taken in 
D20, inter, re f .  DSS) 5: 3.00-3.37 (2pr, m, C-4 H over­
lapping with DSS s ig n a ls ) ;  3.99-4.1 ( lp r ,  m, C-3 H 
obscured by the presence of H20 in so lvent ) ;  4.5 (2pr, s, 
C-l  H ) ; 7.18-7.69 (4pr, m, C-ar. H ) .
CH3TH8C3C00H; a) High m.p. isomer (Taken in TFA-d, inter,  
r e f .  TMS) S: 1.99, 1.91 Opr  d, -CH3) ; 3.52 Opr, m, C-4 
H ) ; 4.45, 4.51, 4.58, 4.64 ( lp r ,  dd not well resolved, C-3 
H ) ; 5.07 ( lp r ,  s, broad probably unresolved quartet, C-l
H ) ; 7.31-7.49 (4pr, m, C-ar. H ) . b) High m.p. isomer
(Taken in CD30D, inter.  r e f .  TMS) S: 1.71, 1.78 Opr,  d, 
-CH3) ; 3.04-3.34 Opr ,  m, C-4 H obscured by the presence 
of CD2H0D in so lvent ) ;  3.86, 3.92, 3.99, 4.05 ( lpr ,  dd, C- 
3 H ) , 4.70-4.80 ( lp r ,  C-l  H. obscured by the presence of
CD30H in the so lvent ) ;  7.01-7.52 (4pr, m, C-ar. H ) . c) Low 
m.p. isomer (Taken in CD3OD inter,  r e f .  TMS) 5: 1.67, 1.75 
O pr ,  d, -CH3) ; 3.27-3,34 O pr ,  m, C-4 H obscured by
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4.99 ( lp r ,  m, C - l  H obscured by CD3OH); 7.02-7.45 (4pr, m, 
C-ar. H ) .
QHCHaTHBC3C00H: a) High m.p. isomer (Taken in TFA-d, 
inter.  r e f .  TMS) 5: 3.62, 3.85, 3.87 (2pr, m, C-4 H); 4.7 
O pr ,  m, C-3 H and CH2OH the signals  overlap);  5.28 ( lp r ,  
broad, probably t r i p l e t  not well resolved, C -l  H ) ; 7.40-
7.53 (4pr, m, C-ar. H ) . b) Low m.p. isomer (Taken in D20,
inter.  r e f .  DSS) 5: 2.99-3.48 Opr ,  m, C-4 H ) ; 4.13, 4.16
O pr ,  d, -CH20H); 4.29-4.44 ( lp r ,  dd, C-3 H); 4.96 ( lp r ,
t r i p l e t  not well resolved, C - l  H ) ; 7.10-7.67 (4pr, m, C-
a r . H ) .
PheTHBC3C00H; (Taken in CD30D, inter. r e f .  TMS) 5; 3.27-
3.48 Opr ,  m, C-4 H obscured by the presence of CD2H0D); 
4.04-4.10 ( lp r ,  dd, C-3 H ) ; 5.8 ( lp r ,  s, C - l  H ) ; 7.05-7.21 
(4pr, m, C-ar. H ) ; 7.5 (5pr, m, C-ar. H of phenyl group).  
Sa1THBC3CQOH; (Taken in CD30D, inter. re f .  TMS) 5; 3.27-
3.44 (2pr, m,. C-4 H obscured by the presence of CD2H0D);
3.75-3.93 ( lp r ,  dd, C-3 H ) ; 6.24 ( lp r ,  s, C - l  H ) ; 6.77-
7.27 (8pr , m, C-er. H ) .
-Where, s s ing le t ,  d doublet, dd double doublet, t r  
t r i p l e t ,  q quartet, m multiplet
Proton NMR spectra were consistent with the t r ic y c l ic  
structures proposed fo r  the products (Figs 2 .2 -2 .6 ) .  The 
absence of resonances at a f i e ld  lower than that of the 
aromatic s igna ls  confirmed the absence of contaminating 
S c h i f f ' s  bases (S for  -CH~N- is  8-10 ppm). Moreover the 
presence of a proton signal at 5 4.5-6 ppm suggested a
CD2HOD);  4 . 0 3 ,  4 . 1 0 ,  4 . 1 3 ,  4 .1 9  ( l p r ,  dd ,  C-3  H) ; 4 . 9 6 -
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sa tura ted  >CH- group at p o s i t i o n  1 o f  the py r id ine  r in g .  
However these spectra  were found to  be ra the r  i n e f f e c t i v e  
f o r  the stereochemical  assignments. S igna ls  f o r  C-l  
protons o f ten  over lapped or were obscured by s ig n a ls  g iven  
by the so lven t ,  and so lv en t  e f f e c t s  caused add i t iona l  
s h i f t s .  There fo re ,  i t  was d i f f i c u l t  to  observe the 
u p f i e l d  s igna l  ( lower  S) o f  the ax ia l  C- l  proton o f  c is  
isomer (F ig .  2.1 ) compared to  that  o f  the equa to r ia l  C-l 
proton o f  trans isomer (Gunther, 1980).
In order to  overcome the problems assoc ia ted  w ith  the 
con f irmat ion  o f  the s tereochemica l  s t ruc tu res  by proton 
NMR spectroscopy, carbon-13 NMR spectra ,  which are fa r  
l e ss  complicated and ambiguous, were used instead. The 
assignment o f  the s ig n a ls  to  the corresponding carbon 
atoms o f  8-CCA was based on c o r r e la t i o n s  w ith  known 
compounds a lready descr ibed  in the l i t e r a t u r e  (Ungemach et 
a l . ,  1980; Pindur, 1980).
C - l  and C-3 s ig n a ls  in the spectra  o f  the high m.p. 
f r a c t i o n s  o f  CH3TH8C3C00H and H0CH2TH8C3C00H were c l e a r l y  
dow n f ie ld  compared to  the corresponding s ig n a ls  o f  the low 
m.p. f r a c t io n s  (Table  2 .3 ) .  Th is  observa t ion  d e f i n i t e l y  
j u s t i f i e d  the assignment o f  the c i s  s t ruc tu re  to  the high 
m.p. preparat ions,  and to  PheTH8C3COOH because X3C-y 
e f f e c t  causing the u p f i e ld  s h i f t  o f  C- l  and C-3 s igna ls  is  
on ly  present in trans s te reo isom ers  o f  8-CCA (Ungemach et  
a l ., 1980). PheTHB C3C00H, cis-CH3TH8C3C00H, c i s -
H0CH2TH8C3C00H and trans-CH3TH8C3C00H were found to  be 
s tereochem ica1ly  homogeneous. On the contrary ,  t rans -  
H0CH2TH8C3C00H (low m.p. )  was contaminated with low
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amounts o f  the c i s  isomer as ind ica ted  by the presence o f  
a weak s igna l  at 58.1 ppm corresponding to C-3 in add i t ion  
to  the main peak at 53.2 ppm (Table  2 .3 ) .
The spectrum o f  high m.p. f r a c t i o n  o f  SalTH8C3COOH 
was very  complicated due to  the presence o f  s i g n i f i c a n t  
q u a n t i t i e s  o f  both s te reo isom ers ,  and hence the presence 
o f  two s igna ls  f o r  most o f  the C-atoms. The assignment o f
var ious  carbon s ig n a ls  was based on data published by
Ungemach et a l ,  (1980) tak ing  in to  account that both -C00H 
and -OH groups had been transformed in to  t h e i r  sodium 
s a l t s .  The h igher  in t e n s i t y  o f  each u p f i e ld  s igna l  ( t rans )  
in comparison w ith  that  o f  the corresponding l o w f i e ld  
s ign a l  ( c i s ) ,  and the h igher  m.p. o f  th is  f r a c t i o n  o f  
SalTHBC3C00H combined w ith  HPLC ana lys is  data f o r  both 
i s o l a t e d  f r a c t i o n s  ( s e c t io n  2.3 .1  E) ind ica ted  that
SalTHBC3C00H was formed mainly as the trans isomer, due to
stereochemica l  or o ther  unknown e f f e c t s .
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CHAPTER 3
CHROMATOGRAPHIC DETERMINATION OF TETRAHYDRO-B-CARBOLINO- 
CARBOXYLIC ACIDS
3.1 INTRODUCTION
High pressure l iqu id  chromatography (HPLC) was 
employed for the separation, ident i f icat ion  and 
quantif ication  of the f ive  8-CCA in smoked food extracts.  
This technique was selected because i t  is e f f i c ie n t ,  i t  
does not require der ivat isat ion  of the high melting point 
B-CCA as gas chromatography would do, and it  employs mild 
operating conditions which minimise the decomposition of 
various unstable compounds in the sample.
3.2 MATERIALS
The following reagents were purchased from BDH 
Chemicals Ltd., Poole, Dorset: Acetonitri le  (HPLC grade),  
90% formic acid (ana lyt ica l  grade),  indo-3-y1-acetic acid, 
phosphoric acid 85% (analyt ica l  grade), potassium 
hydroxide, potassium dihydrogen phosphate, dipotassium 
hydrogen phosphate, serotonin creatinine sulphate, 
semicarbazide hydrochloride (analyt ica l  grade),  tyrosine.  
5-Hydroxy-L-tryptophan. L-tryptophan, L-tryptophan methyl 
ester ,  tryptamine free base, were obtained from Sigma 
Chemical Co. Ltd . ,  Poole, Dorset. Water (HPLC grade) was 
purchased from FSA (F i so n s ) , Loughborough. Leics.
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0DS1 Spherisorb (5pm) used as the HPLC column pecking 
materiel was bought from Hichrom, Theale, Berkshire.
Standard B-CCA were synthesised as described in 
Chapter 2.
Phosphate bu ffers  were prepared by adjusting the pH 
value of 0.05 M solutions of KH2PCU with drops of 85% 
H3PCU to 2.5, 2.8, 3.3 and 3.5 respective ly .  Phosphate
bu ffe r  of pH value 11.5 was prepared by adding drops of a 
solution of KOH (10M) to a 0.05 M solution of K2HP04 .
Working standard solutions containing 7.5 p g  
H0CH2THBC3C00H, 7.5 p g  THBC3COOH, 7.5 p g  CH3THBC3C00H, 200 
p g  PheTHBC3C00H and 200 pg SalTH8C3COOH in 5ml phosphate 
bu ffe r  (pH 2.5) were prepared by se r ia l  d i lu t ion  of stock 
solutions containing 1 mg/ml of each compound.
As a negative control sample unsmoked Danish gammon 
steak was used. I t  contained the following ingredients;  
Pork, water, s a l t ,  preservatives:  E2so (sodium n i t r i t e ) ,  
E2s 2 (potassium n i t r a t e ) .
The other materials used are described in Chapter 2.
3.3 INSTRUMENTATION
All  the measurements were carried out using an LDC 
High Pressure Liquid Chromatograph consisting of the 
fo llowing parts: a) High pressure gradient system
consisted of a gradient programmer (LDC Gradient Master 
model 1601) and two reciprocating pumps (LDC Constametric
I ) ;  b) Rheodyne 7125 injection valve equipped with a 20 pi 
sample loop; c) Reverse phase s ta in less  steal column (5mm
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i .d .  x 250mm) home pecked with 5pm ODS1 Spherisorb at
5.000 psi;  d) LDC computing integrator; e) LDC chart 
recorder; f )  Perkin-Elmer fluorescence spectrometer model
3.000 equipped with; 1) Two F/3 Monk G il l ieson  type 
monochromators to select excitation and emission 
wavelengths; 2) LC flow c e l l ;  3) Xenon discharge lamp; 4) 
Sens it iv i ty  controls; fixed expansions of x l , x2, x5, xlO, 
x5Q, xlOO and continuously var iab le  control over range of 
at least 2.5:1 ; 5) Excitation s l i t  with four s l i t  widths
of 2.5 , 5 , 10 and 15nm and emission s l i t  with four s l i t
widths of 2.5, 5, 10 and 20nm.
3.4 METHODS
8-CCA working standard solutions were analysed by 
HPLC under varying running conditions of the 
Chromatograph. By drawing upon previous experience of 
reversed phase HPLC in the laboratory and upon the general 
l i t e ra tu re ,  the chromatographic conditions were optimised 
by stepwise logica l adjustment to mobile phase composition 
(including pH va lue ) ,  gradient shape and flow rate.
3.5 .1  Optimisat ion o f  the chromatographic separat ion  
and determination o f  Te trahydro -B -carbo l ino ­
carboxyl ic  acids
The optimum opera t ing  cond it ions  o f  the High Pressure 
L iqu id  Chromatograph were es tab l ished  taking in to  account 
the shape and r e s o lu t io n  o f  the peaks as w e l l  as, the 
p r e c is io n  and the s e n s i t i v i t y  o f  the chromatographic 
measurements.
3 .5 .1 .1  Elut ion  system
Linear  grad ien t  e lu t i o n  was s e l e c t e d  ra th er  than 
i s o c r a t i c  e lu t ion  in order  t o  obtain  b e t t e r  r e s o lu t io n  
between H0CH2TH3C3C00H, THBC3C00H and CHaTHBC3C00H on the 
chromatograms. These compounds, due to t h e i r  s im i la r  
molecular weights and c l o s e l y  r e l a t e d  s truc tu res ,  were 
c o e lu t in g  when i s o c r a t i c  e lu t io n  was employed. 
Exponentia l g rad ien t  e lu t i o n  (e=3) was a lso  t e s t ed  but i t  
gave poor r e so lu t io n  o f  the above mentioned peaks.
Solut ions o f  var ious concentrat ions o f  formic acid in 
water were t e s ted  as the e lu t in g  so lven t  A o f  the grad ient  
system. I t  was observed that by decreas ing the
concentrat ion  o f  formic ac id  a s i g n i f i c a n t  band broadening 
was occuring on the chromatogram. In contras t  by
increas ing  the concentrat ion  o f  formic ac id  and th e re fo re  
reducing the pH o f  s o lven t  A the peaks were becoming
-  70 -
3 . 5  RESULTS AND DISCUSSION
-  71 -
sharper, b e t t e r  r e so lv ed  and w ith  shor ter  e lu t ion  times. 
PH va lues lower than 1.6 (8% HCOOH) were not t r i e d  because 
they might damage the bonded phase o f  the column packing 
m a te r ia l .  Phosphate b u f f e r s  o f  pH 2.5, 2.7 and 3.3 were
a lso  tes ted  but the r e s u l t in g  chromatograms exh ib i ted  
sh o r te r  r e te n t io n  times and poor r e so lu t io n  o f  the var ious 
peaks compered to  those obtained with  formic acid 
so lu t io n s  o f  the same pH value (F ig .  3 .1 ) .  F in a l l y ,  a 
s o lu t i o n  o f  0.5% formic acid was s e le c t e d  as so lven t  A 
because i t  gave a good r e s o lu t io n  o f  the three  above 
mentioned 8-CCA peaks without any r i s k  o f  damaging the 
column packing m a te r ia l .  A c e t o n i t r i l e  was chosen as the 
s o lv en t  B.
During the f i r s t  t r i a l s ,  a l in e a r  grad ien t  was 
employed from 0 to  30% o f  so lven t  B in so lven t  A f o r  50 
min. plus 5 min. i s o c r a t i c  de lay  to  r e s e t  and with  a f low  
r a t e  o f  1.9 ml per minute. La te r ,  the grad ien t  was 
changed to  10-35% f o r  40 min. plus 15 min. i s o c r a t i c  de lay  
to  r e s e t  in order  to  reduce the time o f  the 
chromatographic run. Moreover, a f low  ra te  o f  1.5 ml/min. 
( i n i t i a l  i n l e t  pressure 2,500 ps i )  was exper im enta l ly  
found to  y i e l d  b e t t e r  r e s o lu t io n  o f  a l l  the 8-CCA peaks 
without any obvious band broadening (F ig .  3.2 ) due to 
long i tud ina l  d i f f u s i o n  (Macrae, 1981).
3 .5 .1 .2  Detect ion  system
Since the B-CCA e x h ib i t  an absorbance maximum at 270 
nm (Table 2.1) and a lso  f lu o resc e  when they are exc i t ed  at
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ti m e ( mi n) t i me  ( m i n )
I i
10
t i m e
20 30
( m i n ) t i me  ( min)
FIGURE 3.1 HPLC analysis of a purified extract of scoXed ganuon steak employing four gradient 
elution systems: a) 10-35% CM in phosphate buffer (pH 2.5); b) 10-35% CH3CH in phosphate buffer 
(pH 2.7); c) 10-35% CH3CN in phosphate buffer (pH 3.3); d) 10-35% CH3CH in 0.5% v/v HC00H (pH 
2.5). Gradient elution time, column, flow rate, fluorescence detector conditions, as in Fig. 3.2.
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Ume Cmi n}
FIGURE 3.2 Chromatographic separation of 8-CCA. Peaks: 1. serotonin creatinine sulphate (I.S.); 
2, H0CH3THBC3C00H; 3. THBC3C00H; 4. CH3TH8C3C00H; 5, SalTH8C3COOH (lrst isomer); 6. PheTH8C3COOH; 
7, SalTH8C3COOH (2nd isomer). Chromatographic conditions: Column, 0DS1 Spherisorb, 25cm X 5m 
i.d.; gradient elution system, 10-35% of CH3CH in 0.5% v/v HCOOH for 40 min. t 15 min. isocratic 
delay to reset; flow rate, 1.5 ml/min.; fluorescence detector Xex 270 nm, Xem 350 nm.
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the same wavelength, f o r  t h e i r  i d e n t i f i c a t i o n  and 
q u a n t i f i c a t i o n  e i t h e r  a UV or a f luorescence  d e te c t ion  
system could be used. In the present work f luorescence 
d e te c t io n  was s e l e c t e d  instead o f  the UV one due to the 
f o l l o w in g  ser ious drawbacks o f  the l a t t e r :
I t  was less  s p e c i f i c  and s e n s i t i v e  as fa r  as the 8- 
CCA were concerned. The UV d e tec t ion  l im i t s  at 270 nm 
were f o r  H0CH2THBC3C00H, TH8C3COOH. CH3THBC3C00H, 10
pg/ml; f o r  PheTHBC3C00H, Sa1THBC3C00H, 20 pg/ml. The
f luorescence  d e t e c t io n  l im i t s  under the opera t ing  
cond it ions  descr ibed  in s e c t ion  3 .5 .1 .3  were 0.1 pg/ml fo r  
the f i r s t  group and 10 pg/ml f o r  the second group o f  
compounds r e s p e c t i v e l y  (F igs  3.4, 3.5, 3.6, 3.7, 3 .8 ) .
Besides, poor mixing o f  so lven ts  A and B during the 
g rad ien t  e lu t ion  caused formation o f  a i r  bubbles ins ide  
the m ic ro ce l l  o f  the UV d e te c to r  which disturbed the 
background o f  the chromatograms obtained end a f f e c t e d  the 
r e l i a b i l i t y  o f  the r e s u l t s .  Such background disturbances 
were not observed when the f luorescence  d e te c to r  was used.
The wavelengths o f  e x c i t a t i o n  and emission maximums 
were found by scanning each o f  the f i v e  compounds 
sep a ra te ly  over the whole range o f  the spectrum on the 
Perkin-Elmer f lu o r im e te r  and are g iven  in the f o l l o w in g  
t a b l e :
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TABLE 3.1
Wavelengths of fluorescence maximums of Tetrahydro-B-  
carbol Inocarboxy 1 Ic acids.
Compound (nm) (nm)
H0CH2TH8C3C00H 267 345
THBC3C00H 268 348
CH3THBC3C00H 267 347
PheTH8C3COOH 260 342
Sa1THBC3C00H 267 343
Hence, it  was decided to set the excitation  
wavelength at 270 nm end the emission wavelength at 350nm. 
I t  was also noticed that by increasing the s l i t  width from 
5 to 10 nm for excitation and from 10 to 20 nm for  
emission the sen s i t iv i ty  was d ra s t ic a l ly  increased.
3 .5 .1 .3  Optimised operating conditions of the high 
pressure l igu id  chromatograph
The optimum operating conditions of the instrument 
are summarised below:
Gradient elution system: Solvent A: 0.5% v/v solution  
of analytical grade formic acid in HPLC grade water (pH 
2.5) ; solvent B: HPLC grade a c e to n i t r i l e . A linear  
gradient from 10% to 35% of solvent B in solvent A was 
used for  40 min. plus 15 min. isocrat ic  delay to reset.
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Flow ra t e  1.5 ml/min.; pressure in the column i n l e t  2,500 
ps i ;  column temperature ambient. A f t e r  each
chromatographic run the column was washed fo r  10 min. w ith  
a c e t o n i t r i l e  to  remove f lu o r e s c in g  contaminants and was 
r e e q u i l i b r a t e d  by s low ly  changing the e lu t in g  so lven t  from 
100% CHsCN to  10% CHaCN in so lv en t  A.
Fluorescence d e t e c t o r : Xex 270 nm, width o f  the
corresponding s l i t  10 nm; Xem 350 nm, width o f  the 
corresponding s l i t  20 nm.
R ecorder : 10 mA, chart speed 4 mm/min.
Using the above descr ibed  opt imised opera t ing  
cond i t ion s ,  t y ro s in e  and tryptophan the only n a tu ra l l y  
occuring  f lu o re s c in g  amino ac ids ,  were w e l l  r e so lv ed  from 
the 8-CCA on the chromatogram obtained (F ig .  3 .3 ) .
3 .5 .1 .4  P r ec is ion  o f  the chromatographic measurements
The p r ec is ion  o f  the chromatographic measurements 
c a r r i e d  out under the p r e v iou s ly  mentioned optimum 
opera t in g  cond it ions  ( s e c t io n  3 .5 .1 .3 )  was checked as 
f o l l o w s :  A working standard so lu t io n  o f  the f i v e  8-CCA
(s e c t io n  3.2 ) con ta in ing  2.54 pg/ml o f  I . S .  ( s e c t io n
3 .5 .2 )  was analysed seven t imes by HPLC and the standard 
d e v ia t i o n  and c o e f f i c i e n t  o f  v a r i a t i o n  were ca lcu la ted  f o r  
each compound. The peak area va lues  as w e l l  as the r a t i o  
o f  the peak area va lues  o f  each compound to  the peak area 
o f  the I .S .  are g iv en  in Tables  3.2 and 3.3 r e s p e c t i v e l y .
From the r e s u l t s  o f  Tables  3.2 and 3.3 i t  i s  obvious 
that  the p rec is ion  o f  the chromatographic measurements was
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t i m e  ( m i n )
t i m e  ( m i n )
FIGURE 3.3. Chromatogrsphic separation of tyrosine, tryptophan and 8-CCA. (a) Chromatogram of a 
working standard solution (section 3.2) of the five 8-CCA. (b) The same solution after the 
addition of tyrosine and tryptophan. Peaks: 1, tyrosine: 2, tryptophan: 3, HOCHaTHBC3COOH; 4, 
TH8C3COOH; 5. CH3TH6C3COOH; 6, SalTHBC3C00H (lrst isomer); 7, PheTH8C3COOH; 8. SalTHBC3C00H (2nd 
isomer). Chromatographic conditions: Column, 5pm 0DS1 Spherisorb, 25cm X 5mm i.d.,- gradient 
elution system, 0-30% CH3CH in 0.5% v/v HCOOH for 50 min, + 5 min. isocratic delay to reset; flow 
rate, 1.9 ml/min.; fluorescence detector, Xex 270 nm, Xem 350 nm.
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t i me  (m in )  t i me  ( mi n)
FIGURE 3.4 HPLC determination of HOCHJH8C3CQOH by two different detection systems. 
Chromatograms of standard solutions containing: (a), 0.1 [lg/ml of H0CH2THBC3C00H (fluorescence 
detection); (b), 10 pg/ml of H0CH2THBC3C00H (fluorescence detection); (c). 10 pg/ml of 
HOM8C3COQH (UV detection). Peeks: 1, I.S.; 2, H0CH3THBC3C00H. I.S. concentration 2.54 pg/ml. 
Chromatographic conditions: Column, 5pm 0SD1 Spherisorb, 25cm X 5am i.d.; gradient elution system, 
10-35% CHaCH in 0.5% v/v HCOOH for 40 min. + 15 min. isocratic delay to reset; flow rate, 1.5 
ml/min.; fluorescence detector, lex 270 nm, lem 350 nm; UV detector, 1 270 nm.
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FIGURE 3.5 HPLC determination of THBC3C00H by two different detection systems. Chromatograms of 
standard solutions containing: (a), 0.1 pg/ml of THBC3COOH (fluorescence detection); (b). 10 pg/ml 
of THBC3C00H (fluoresence detection); (c), 10 pg/ml of THBC3C00H (UV detection). Peaks: 1, I.S.; 
2, TH8C3COOH. 1.5. concentration 2.54 pg/ml. Chromatographic conditions as in Fig. 3.4.
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FIGURE 3.6 HPLC detemination of CH3THBC3COOH by two different detection systeus. CbronatograBs 
of standard solutions containing.- (a), 0.1 jjg/al of CH3TH8C3C00H (fluorescence detection); (b), 10 
pg/nl of CH3TH8C3C00H (fluoresence detection); (c), 10 pg/nl of CH3T118C3C00H (UV detection). 
Peaks: 1, I.S.; 2, CH3TH8C3C00H. I.S. concentration 2.54 pg/nl. Cbroiiatographic conditions as in 
Fig. 3.4.
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fi m e (mi a)  time (min.)
FIGURE 3.7 HPLC determination of PheTH8C3COOH by two different detection systems. Chromatograms 
of standard solutions containing: (a), 10 pg/ml of PheTH8C3COOH (fluorescence detection); (b), 20 
pg/ml of PheTHBC3COOH (fluoresence detection); (c), 20 pg/ml of PheTH$C3C00H (UV detection). 
Peaks: 1. I.S.; 2, PheTHBC3C00H. I.S. concentration 2.54 pg/ml. Chromatographic conditions as in 
Fig. 3.4.
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FIGURE 3.8 HPLC determination of SalTH&C3C00H by two different detection systems. Chromatograms 
of standard solutions containing: (a), 10 pg/ml of low m.p. fraction of SalTHBC3C00H (fluorescence 
detection); (b). 120 pg/ml of low m.p. fraction of SalTHBC3C00H (fluoresence detection); (c), 120 
pg/ml of low m.p. fraction of SalTHBC3COOH (UV detection). Peaks: 1, I.S.; 2, SalTH6C3COOH. I.S. 
concentration 2.54 pg/ml. Chromatographic conditions as in Fig. 3.4.
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lower when the peak area r a t i o s  were used because the 
v a r i a t i o n s  o f  both the numerator and the denominator o f  
the r a t i o  contr ibuted  to  the o v e ra l l  v a r i a t i o n  o f  the 
measurement. Never the less ,  the use o f  an I . S .  was judged 
to  be necessary in order to  compensated f o r  v a r ia t i o n s  in 
the f luorescence  d e t e c to r  s e n s i t i v i t y  due to  changes o f  
the l i g h t  source or the f low  c e l l  during the course o f  the 
work .
3 .5 .2  S e le c t io n  o f  the in te rna l  standard
For the s e l e c t i o n  o f  a su i ta b le  I . S .  the f o l l o w in g  
c r i t e r i a  were taken in to  account: A) The s e le c t e d  compound 
should be s tab le  under the opera t ing  cond it ions  o f  the 
chromatograph otherwise i t  might decompose during the 
sample ana lys is  and g i v e  bed chromatograms and fa u l t y  
r e s u l t s .  B) I t s  chemical s t ructure  should be as s im i la r  
as p oss ib le  to  that  o f  the compounds under q u a n t i f i c a t i o n  
so that  smell changes o f  the chromatographic system
opera t in g  cond it ions  would have the same e f f e c t  on t h e i r  
peak areas. C) The peak o f  the I .S .  should be complete ly  
r e so lv ed  from any o ther  i d e n t i f i e d  or u n id e n t i f i e d  peak o f  
the chromatogram (Macrae, 1981).
A f t e r  t r i a l s  o f  var ious f lu o re s c in g  compounds,
serotonin creatinine sulphate was s e le c t e d  as the most
s u i ta b le  I . S .  because i t  complied with  the above mentioned 
c r i t e r i a .  Hence, the corresponding peak with  r e te n t io n  
time about 10 min. emerged on the chromatogram be fo re  
tryptophan and the f i v e  8-CCA and in a reg ion  where the
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chromatograms o f  a l l  the examined contro l  samples were 
f r e e  o f  i n t e r f e r in g  compounds (F igs  3.2, 3 .11 ) .  The shape 
o f  the peak was high and sharp and the peak area remained 
unchanged during three  success ive  chromatographic 
measurements o f  the same sample.
The fo l low in g  compounds were a lso  te s ted  as I .S .  and 
r e j e c t e d  because they presented various disadvantages: 
a) Tryptophan methyl e s t e r .  I t  was p a r t i a l l y  hydrolysed 
by so lven t  A o f  the g rad ien t  e lu t io n  system during the 
course o f  the chromatographic separat ion .  As a r e s u l t ,  
two peaks appeared on the chromatogram one corresponding 
to  tryptophan and a smal le r  one corresponding to  
tryptophan methyl e s t e r  (F ig .  3 .9 ) .  b) In d o l - 3 - y l a c e t i c  
ac id .  The corresponding peek emerged among THBC3C00H and 
CH3TH8C3C00H and p a r t i a l l y  over lapped with both o f  them. 
R t : TH6C3COOH 29.8 min.,  i n d o l - 3 - y l a c e t i c  ac id  30.8 min., 
CH3THBC3CC0H 31.9 min. (F ig .  3 .10 ) .  c) 5-Hydroxy-
tryptophan. The corresponding peak emerged with R* 9.1 
min.,  p r io r  to  tryptophan and the f i v e  8-CCA and was very 
w e l l  r e so lv ed  from them but i t  was p a r t i a l l y  over lapping 
w ith  an u n id e n t i f i e d  peak (Rt  8.9 min.) appearing on the 
chromatograms o f  a l l  con tro l  samples (F ig .  3 .11 ) .  d) 
Tryptamine. I t  emerged w ith  Rt 29 min. a f t e r  CH3TH8C3C00H 
and very  we l l  r e so lv ed  from i t  but i t  was over lapp ing  with 
o ther  small u n id e n t i f i e d  peaks appearing in the same 
reg ion  o f  the chromatograms o f  a l l  the examined sample 
ex t ra c ts  (F ig .  3 .11 ) .
Serotonin c r e a t in in e  sulphate was added at a 
concentrat ion  o f  2.54 pg per ml to the p u r i f i e d  sample
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extracts just before their  analysis by HPLC, taken from a 
stock solution of 0.508 mg/ml which was freshly prepared 
every time. In order to check the precision of the I .S.  
peak area measurements, eleven d i f fe rent  solutions  
containing 2.54 pg/ml of serotonin creatinine sulphate in 
phosphate buffer (pH 3.5) ,  prepared from eleven d i f fe rent  
stock solutions, were analysed by HPLC. The resu lts  are 
given in Table 3.4. The re la t iv e ly  high C.V. was probably 
due to variations in the electronic balance measurements 
when quantities as low as 5 mg were weighed.
TABLE 3.4
Precision of the internal standard peak area measurements.
1/1 1.3. peak area in mm2
1 644.042
2 648.229
3 716.764
4 708.834
5 722.077
6 636.855
7 729.083
8 694.848
9 729.078
10 748.048
11 652.229
X 693.644
S.D. ±40.632
C.V. 5.8 %
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FIGURE 3.9 Evaluation of tryptophan ©ethyl ester as an I.S. (a) ChroEatogra© of a standard 
solution of the five 8-CCA. (b) The same solution after addition of tryptophan ©ethyl ester. 
Peaks: 1, tryptophan; 2, KOM8C3COOH; 3. TH8C3COOH; 4, CH3THBC3C00H; 5, tryptophan ©ethyl 
ester; 6, SalTOCOOH (lrst isoiier); 7, PheTHBC3CQ0H; 8. SdlTH8C3COOH (2nd isomer). 
Chromatographic conditions as in Fig. 3.3.
-  89 -
1
t i m e  ( m i n )
FIGURE 3.10 Evaluation of indol-3-ylacetic acid as an I.S. Peaks: 1, H0CH2TH8C3C00H; 2, 
TH8C3COOH; 3, indol-3- ylacetic acid; 4. CH3THBC3CG0H; 5, SalTHBC3C00H (lrst isomer); 6. 
PheTH&C3C0QH; 7, SalTHBC3C00H (2nd isomer). Chromatographic conditions as in Fig 3.3.
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FIGURE 3.11 Evaluation of various fluorescing conpounds as internal standards, (a) Negative 
control sample (section 3.2) extract spiked with a working standard solution of 8-CCA. (b) The 
sane sample after the addition of 5-hydroxy-tryptophan, serotonin creatinine sulphate and 
tryptamine. Peaks.- 1, 5-hydroxytryptophan; 2, serotonin creatinine sulphate; 3. H0CH3TH8C3C00H; 4. 
TH8C3C00H; 5, CH3THBC3C00H: 6, tryptamine: 7, SalTH8C3COOH (lrst isomer); 8, PheTH8C3COOH; 9. 
SalTH8C3COOH (2nd isomer). Chromatographic conditions as in Fig. 3.2.
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3 .5 .3  C a l ib ra t io n  curves o f  Te trahydro-B-carbo i ino  
ca rb oxy l i c  acids
A f t e r  the s e l e c t i o n  o f  a su i tab le  I . S .  a c a l i b r a t i o n  
curve was drawn fo r  each o f  the 8-CCA employing standard 
so lu t io n s  with  the concentrat ions  shown in Table 3.5:
TABLE 3.5
Standard so lu t ions  used f o r  drawing the c a l i b r a t i o n  curves 
o f  Te trahydro -B -carbo l ino  ca rb oxy l i c  acids
number of concentration of Tetrahydro-B-carbol ino 
c o m p o u n d  solutions carboxylic acid in the coresponding
used j standard solutions (ucr/ml)_______
1st 2nd 3rd 4th 5th 6th 7th 8th 9th
HOCH2THBC3COOH 9 0.1 0.2 0.5 0.7 1 2 5 7 10
THBC3C00H 9 0.1 0.2 0.5 0.7 1 2 5 7 10
CH3THBC3COOH 9 0.1 0.2 0.5 0.7 1 2 5 7 10
Sa1THBC3C0CH 6 5 10 20 40 80 120
PheTHBC3C00H 5 10 20 40 80 120
To each so lu t ion  2.54 pg/ml o f  I . S .  was added.
The c a l i b r a t i o n  curves which were constructed by 
p l o t t i n g  the ca lcu la ted  r a t i o  o f  each 8-CCA peak area to  
that  o f  the I .S .  versus the concentrat ion  o f  the compound 
in the corresponding standard so lu t ion .  are g iv en  in Figs 
3.12, 3.13, 3.14, 3.15, 3.16. From the c o r r e la t i o n  
c o e f f i c i e n t s  o f  the f i v e  graphs i t  is  obvious that the 
f luo rescence  d e t e c to r  response was l in ea r  over  the e n t i r e
3 .5 .4  S t a b i l i t y  o f  T e t rah yd ro -B -ca rb o l in ocarboxy l ic  acids 
and in te rna l  standard so lu t ion s
The s t a b i l i t y  o f  8-CCA so lu t ion s  over  long per iods  o f  
time was determined as f o l l o w s :  A stock so lu t ion
conta in ing  7.5 pg/ml o f  H0CH2THBC3C00H, TH6C3COOH, 
CHaTH8C3COOH and 200 pg/ml o f  PheTH8C3COOH, SalTH8C3COOH 
was made up in phosphate b u f f e r  (pH 3 .5 ) .  This was 
d iv id ed  in to  10 a l iq u o t s  and s tored  at -40°C in sea led  
po lye thy lene  v i a l s .  At s u i t a b le  time in t e r v a l s  one 
a l i q u o t  was thawed at room temperature, d i s s o lv e d  with 
four volumes o f  phosphate b u f f e r  pH 3.5 ( f i n a l  
concentrat ion  o f  H0CH2TH8C3C00H, TH8C3COOH and 
CH3TH8C3C00H. 1.5 pg/ml, o f  PheTH8C3COOH and Sa1TH8C3COOH, 
40 pg/ml) and analysed at l e a s t  tw ice  by HPLC. The mean 
va lues  o f  the peak areas obta ined each time f o r  the f i v e  
compounds are g iv en  in Table  3.6. From the r e s u l t s  o f  
Table  3.6 and F ig .  3.17, i t  i s  ev ident  that no substant ia l  
degradat ion  o f  the 8-CCA occured over  a per iod  o f  16 days 
s to rage  at -40°C. A s l i g h t  reduct ion  in the peak area 
va lues ,  more pronounced f o r  PheTH8C3COOH, could be 
observed on the 27th day. From Table 3.6 i t  was concluded 
that  the f in a l  sample e x t ra c t s  could be s to red  f o r  a few 
days at -40*C be fo re  being submitted to  HPLC ana lys is  
w ithout any s i g n i f i c a n t  losses  o f  8-CCA.
The degradat ion ra t e  o f  I . S .  so lu t ion s  was a lso  
exper im enta l ly  determined. Phosphate b u f f e r  (pH 11.5)
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c o n c e n t r a t i o n  r a n g e  e m p lo y e d  f o r  t h e  f i v e  compounds.
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Concentration o f CH3TH6C3C00H in mg/ml
FIGURE 3.14 Calibration curve for the neasureaent of CH3THBC3C00H by HPLC. I.S. concentration
2.54 pg/nl. Chromatographic conditions as in Fig. 3.2. Correlation coefficient D.9974.
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conta in ing  2.54 pg/ml o f  I .S .  was d iv id ed  in to  f i v e  
a l iq u o ts  and stored  at -4 0 8C in po lye thy lene  v i a l s .  At 
su i ta b le  time in te r v a ls  (0, 1, 2, 4, 9 days) one a l iq u o t
was thawed at room temperature and analysed f i v e  times by 
HPLC under cond it ions s p e c i f i e d  in s ec t ion  3 .5 .1 .3 .  
During the ana lys is  the sample was p ro tec ted  from l i g h t  
and kept in an ice  bath. I t  was not iced  that the I .S .  
s o lu t io n  was s tab le  f o r  one day at -40°C. Longer per iods 
o f  s to rage  at -40°C led to  an a c c e le r a t in g  d ec l in e  in i t s  
concentrat ion.
There fore ,  i t  was dec ided to  use only f r e s h ly  
prepared I .S .  stock so lu t ions  and a f t e r  the add it ion  o f  
the I .S .  to  keep the sample covered w ith  aluminum f o i l  in 
an i c e  bath throughout the whole chromatographic ana lys is .
TA
BL
E 
3.
6
S
ta
bi
li
ty
 
of 
Te
tr
ah
yd
ro
-B
-c
ar
bo
l 
in
oc
ar
bo
xy
l 
ic 
ac
id
s 
so
lu
ti
on
s 
ov
er
 
ti
m
e5 
ai 
-4
oe
c 
.
-  99 -
GO CM N GO ON GO ONUO N ON GO rH r-l ino N N GO rt CM in
CO CO t“1 ON in GO ONON N s ON 00 rH NCM CM CO CM CM CO CM
£ o  o
on
de
C h
r t
de
c o
CM
HuCQ
&
rH
N 00 m
ONO in
8
GOO 8O rt r t GO 00 CM
N o N N UO in CMO o CD ON 00 ON .—1CM CM r-l r-l rH r-l CM
rM CO rtrt O N
00 Ch
vH <cH
CO
de
N
r t
de
GO
a i
OO CO CO GO CM N r tg $ ™ Q N C M u 5 aOG CM r t
00 CO cH ON
O  CfN Gp ONi o  r t  r t  r t
CM ON tH CM r t Nn  ao in o  oh ono  n  r t  in co o
c o GO
o0 0o
tH 00 GO CO o
$  s  3  §  %
Sr-l GO CD ONon in co
rt oo ogo go o  in in! Q C O r - { C O r H < - H G p c M r - I G Or t r t r t r t r t r t r t r t r t c o
d e
r t
r t
de
o
r t
in
d e
GO
ON
C O
(O
0
!m
(0
f O
0
cu
0 0
rHo
co
CMOr-l
rt o o rHCM CO CM COGO ON N O
o ON <—I ino uo On r-lorH or-l On orH
ON
ONN
CMCOo
r - iin
ON CD CM CM GpCM CD r t
CO in CO CO rH inr-l in in CM N «—1CO GO rt GO N
CO CM On r-l N COo OO CM CO ON CO00 N CO N N 00
N N <H
SCM CO O  ONr H  t — ♦
IN r-l inON co onN CO ON
00 GO ONCM rH COCO CO N
de
CM
CM
de
in
CM
de
GO
CD
de
in
N
R
<3
ON
UO rH 
r t  N  cm in
on n
SCO CD
o CO CM rH&oCO s rHCM
GO GO o ONNCO CO00 s NCO
in in rt cm O CO
GO ON CO N
OCMCOuOGOGOrH^Hr t  g o N ' * CM CJ
de
CM
CM
cnX0T 3
GO
de
c o
GO
o3
§
cn
rH (Q0 TO G+—I
de CM Hot
es
: 
(!)
 
Mi
xtu
re 
of 
the
 
two
 
iso
me
rs.
 
(2)
 
Fir
st 
elu
tin
g 
iso
me
r. 
(3)
 
Sec
on
d 
elu
tin
g 
iso
me
r.
-  100 -
1 1 0 0  r  
1 0 0 0  -  
900
800 -  
700 --
( a )
0 "
O
O  O
- O -
0
1 0 0 0
900 
800 0 O-
700
e
'—' 600
no 0
OL1 
t- 1200
ra
1100
rtj 1000
CD
CL. 900.
800
0
700
600
500
400
300
0
o
O  o- - - - -   Q - - - - - - - - -  o.
( b )
J ___________ I___________ I___________ I___________ I___________ l ___________I------------------1------------------1----------------- 1------------------L
b  CL
o ( c )
o -o— O-------- O—cr
J ___________ !___________ 1___________ L
0X  - - - - - - ° ~ o — C T
TL
o (d )
* o — o -
4 - - - - - - - 1 - - - - - - - h 4  1  h 4  1 - - - - - - - - 1- - - - - - - + ■
O
_1_ _ _ _ i _ _ _ 1 ___________ I ___________ I ___________ I___________ [ ____________I ___________1 ___________ ! ----------------------- S---------------------- ! ----------------------- L
J I
- I _ _ _ _ I _ _ _ _ I - - - - - - - - 1 - - - - - - - 1- - - - - - - i - - - - - - - -
o
0 2 4 6' 8 10 12- 14' 16 18 20 22 24 2 6 2 8
D a y s
Continued.
-  101 -
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
D a y s
FIGURE 3.17 Stability of (a) H0CH,THBC3C00H. (b) THBC3C00H, (c) CH3THBC3C00H, (d) PheTHBC3C00H, 
(e) Sa1TH8C3COOH (1st isomer), (f) SalTHBC3C00H (2nd isomer), (g) SalTHBC3C00H (both isomers), 
standard solutions in phosphate buffer (pH 3.5) at -40‘C as a function of time. Details are given 
in section 3.5.4. Chromatographic conditions as in Fig. 3.2.
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CHAPTER 4
DEVELOPMENT AND OPTIMISATION OF A METHOD FOR THE 
EXTRACTION AND ISOLATION OF TETRAHYDRO-B-CARBOLINO 
CARBOXYLIC ACIDS FROM SMOKED FOODS
4.1 INTRODUCTION
The idea l  e x t ra c t io n  and i s o l a t i o n  procedure should 
ach ieve  100% recove ry  o f  the d es i red  ana ly tes  in the 
absence o f  i n t e r f e r in g  substances and without a r t i f a c t  
formation. Since the B-CCA were l i k e l y  to  be present in 
small qu an t i t i e s  and s ince  HPLC had been chosen as the 
a n a l y t i c a l  method, i t  was d es i ra b le  that  the work-up 
procedure includes a concentrat ion  step and presents the 
ana ly tes  in a so lven t  compatible  w ith  the i n i t i a l  HPLC 
mobile  phase (Snyder and Kirk land, 1979). Accord ing ly ,  
based upon the general l i t e r a t u r e ,  XAD-4 r e s in  was chosen 
as an appropr ia te  medium to  adsorb r e l a t i v e l y  hydrophobic 
substances from po la r  so lven ts  (Webb, 1975).
In view o f  the r e a c t i v i t y  o f  tryptophan with  
carbonyls and the probable occurrence o f  both in foods 
(s e c t ion s  1 .5 .4 .1 ,  1 .5 .4 .2 ) ,  i t  was foreseen that
a r t i f a c t u a l  formation o f  B-CCA would be a major problem to  
overcome (Beck, 1985; Holmstedt e t  a l . ,  1982).
The f r e e  carbonyls may p r e - e x i s t  in the sample ( e . g .  smoke 
cons t i tu en ts ,  fermentat ion products ) ,  a r i s e  due to  
enzymatic a c t i v i t y  during sample work-up ( e . g .  from 
degradat ion  o f  5 -m e th y l t e t ra h y d ro fo l ic  ac id  ( s e c t io n
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1 .5 . 2 . 1) )  or be d e r iv ed  from the organ ic  so lven ts  employed 
(Bosin et  a l . ,  1983b).
The stepwise development o f  a su i ta b le  ex t ra c t ion  
procedure is  descr ibed  in th i s  Chapter.
4.2 MATERIALS
The fo l l ow in g  so lven ts  and chemicals o f  a n a ly t i c a l  
grade were purchased from BDH Chemicals L td . ,  Poole ,  
Dorset : Ammonium sulphate, dichloromethane, hydroch lo r ic  
ac id ,  methanol, p e r c h lo r i c  ac id  70%, potassium carbonate. 
Amberl i te  XAD-4 (20-50 mesh) and L-tryptophan 
chromatographica1ly  homogeneous used f o r  the treatment o f  
s o lven ts  were obtained from the same supp l ie r .
Amberl ite  XAD-4 (20-50 mesh) was a lso  purchased from 
Fluke Chemicals L td . ,  Glossop, Derbyshire.
F i l t e r s  HAFT (mixed e s te r s  o f  c e l lu l o s e  ace ta te  and 
n i t r a t e )  13 mm o f  diameter were purchased from M i l l i p o r e  
L td . ,  Watford, U.K.
Standard B-CCA were synthes ised  as descr ibed in 
Chapter 2.
A mixture o f  a ldehydic  precursors ,  used to contro l  
the a r t i f a c t u a l  formation o f  B-CCA during the sample work­
up, was prepared by p ie c in g  400 mg o f  CH20HCH0, 1.2 g o f  
f r e s h l y  d i s t i l l e d  CH3CHO and 200 mg o f  HCHO in a 
vo lum etr ic  f l a s k  s to red  in an ice  bath and d i lu t in g  to  10 
ml with d i s t i l l e d  water.
A ldehyde- free  methanol and dichloromethane were 
prepared by r e f lu x in g  w ith  excess o f  L-tryptophan (1 g o f
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tryptophan per 100 ml o f  s o lv en t )  f o r  4 hours, s t i r r i n g  at 
room temperature overn igh t  and d i s t i l l i n g  immediately 
p r i o r  to  use (Bosin et  a l ., 1983b).
A f r e e z in g  mixture was prepared by adding p ieces  o f  
dry i c e  to  in d u s t r ia l  methylated s p i r i t .
For the so lu t ion  o f  in terna l  standard see sec t ion  
3 .5 .2 .
The other  m a te r ia ls  used are descr ibed in Chapters 2 
and 3.
A suct ion apparatus connected to a vacuum pump was 
employed with opt imised method I .  I t  was used to  
f a c i l i t a t e  the removal o f  the a c id ic  aqueous phase from 
the bottom o f  the c en t r i fu g e  tubes a f t e r  c e n t r i fu g a t io n  
w ithout d is tu rb ing  the sediment or the supernatant e ther  
phase.
4.3 METHODS
4.3 .1  P recond it ion ing  and preparat ion  o f  the clean-up 
column
A quanti ty  o f  XAD-4 re s in  was placed in a Soxhlet 
apparatus and ex t rac ted  with methanol f o r  48 hours to 
remove a l l  t races  o f  p r ese r va t iv e  agents and res idua l  
monomeric compounds. The washed re s in  was t ran s fe r red  to 
a column (23 x 1.5 cm) conta in ing water.  The excess water 
was drained from the column taking care to r e ta in  at leas t  
one inch o f  water above the top o f  the r e s in .  By 
connect ing to  main water supply the re s in  was back f lushed
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f o r  30 min. at a ra t e  s u f f i c i e n t  to  expand the bed by 50%. 
This treatment c l a s s i f i e d  the beads according to s i z e  thus 
ensuring more uniform f low  through the bed during 
subsequent cyc les .  The c l a s s i f i e d  bed was washed downflow 
w ith  11 o f  d i lu t e  HC1 (pH 2.5 ) at a f low  ra te  o f  8 ml/min. 
and subsequently washed w ith  200 ml methanol ( f l o w  ra te  3 
ml/min.) .  This ex tra  column wash at low pH was proved to 
be necessary in o rder  to  e l im ina te  an unknown res in  
contaminator which appeared on the chromatograms w ith  a 
r e t e n t i o n  time o f  30.5-31.5 min. i . e .  a f t e r  CH3THBC3C00H 
and be fo re  Sa1THBC3COQH (1st  isomer) .  The methanol was 
removed by rinsing, w ith  500 ml o f  d i s t i l l e d  water e t  a 
f l o w  ra te  o f  8 ml/min. and the column was ready f o r  use.
The behaviour o f  the r e s in  was in v e s t i g a t e d  using the 
synthes ised  8-CCA. Working standard so lu t ions  ( s ec t ion
3 .2 )  were d i lu ted  in 600 mi water,  app l ied  to  the column 
and e lu ted  with  methanol. Percentage r e c o v e r i e s  were 
assessed by HPLC under chromatographic cond it ions 
descr ibed  in s ec t ion  3 .5 .1 .3 .
4 .3 .2  General method o f  sample pretreatment
I t  was not po ss ib le  to  f in d  in the l i t e r a t u r e  a 
su i t a b le  method f o r  the e x t r a c t io n  o f  B-CCA from s o l i d  
samples. The f o l l o w in g  procedure was formulated a f t e r
cons idera t ion  o f  l i k e l y  mechanisms o f  a r t i f a c t u a l  
formation.
One hundred grams o f  sample f i n e l y  chopped with a 
s ca lp e l  were comminuted f o r  two minutes in a g lass
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homogeniser w ith  400 mi water and 2g semicarbazide 
hydroch lo r ide .  To th i s  homogenate (pH 4.5 )  were added 500 
ml o f  e ther  and the sample s lu r ry  was ex t rac ted  f o r  90 
sec. The mixture was t r a n s fe r r ed  to  30 ml g la ss
c e n t r i fu g e  tubes kept in an ic e  bath. The homogeniser was 
r in sed  tw ice  w ith  a mixture o f  e ther  and water,  the 
r in s in g s  added to  the tubes and cen tr i fuged  at 1,860 x g 
f o r  20 min. at 0°C. The separated e ther  la ye r  was 
d iscarded  and the aqueous phase with the inso lub le  muscle 
cons t i tuen ts  (p r o t e in s )  was returned to  the homogeniser. 
Th is  e ther  e x t r a c t io n  was repeated .  The d e fa t t e d  s lu r r y  
was rehomogenised, adjusted to  pH 2.5 w ith  9% HC1, 
t r a n s fe r r e d  to  g la ss  c e n t r i fu g e  tubes c h i l l e d  in an i c e  
bath, and cen t r i fu ged  at 1,860 x g (a t  0°C) f o r  10 min. to  
separate  the inso lub le  muscle cons t i tu en ts .  The cloudy 
supernatant was c o l l e c t e d  in a beaker kept in i c e  end 25 
ml o f  saturated (NH*)2SCU so lu t ion  added w ith  magnetic 
s t i r r i n g  in o rder  t o  p r e c ip i t a t e  d is so lv ed  or suspended 
p ro te in s .  Subsequently i t  was cen t r i fu ged  at 29,000 x g 
( t=0°C) f o r  20 min. end the c l e a r  supernatant c o l l e c t e d  in 
a beaker kept in an i c e  bath. The a c id i c  ex t ra c t  was 
passed downflow through the po lys ty rene  column as 
descr ibed  in 4 .4 .1 .2  without adjustment o f  the pH va lue .  
The f i r s t  100 ml o f  the methanolic  e lu e te  were c o l l e c t e d  
in a vo lum etr ic  f l a s k  kept in  i c e  and concentrated in a 
r o t a r y  evaporator .  The dry res idue  was d is s o lv e d  w ith  5 
ml methanol, t ra n s fe r r e d  to  a v i a l  and kept at -40°C u n t i l  
analysed by HPLC.
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B-CCA working standard so lu t ions  (s e c t io n  3.2) were 
d i lu t e d  in 600 ml water and subjected to  the previous 
(s e c t io n  4 .3 .2 )  work-up procedure in order  to  assess 
whether any losses  occured. Log ica l  stepwise
m od i f i c a t ions  were made to  the method in l i g h t  o f  the 
r e s u l t s  obtained. These are descr ibed w ith in  the
d iscuss ion  which fo l l ow s .
The e f f e c t i v e n e s s  o f  th i s  method and i t s  
m od i f ic a t ions  in e l im in a t in g  a r t i f a c t u a l  formation o f  8- 
CCA was assessed by t r e a t in g  a negat ive  contro l  sample, 
i . e .  a sample thought to  be low in preformed carbonyls and 
f r e e  from B-CCA ( s e c t io n  3 .2 ) ,  both w ith  and without the 
ad d i t ion  o f  1 ml o f  the a ldehydic  precursors mixture 
( s e c t io n  4.2 )  to  simulate a worst poss ib le  case.
4 .4  RESULTS AND DISCUSSION
4.4 .1  Stepwise development o f  opt imised method I
4 .4 .1 .1  Development o f  a sample clean-up procedure
Amberl ite XAD-4 r e s in  is  a hydrophobic, c ross - l inked ,  
p o ly s t y r e n e -d i v in y 1 benzene copolymer f r e e  o f  ion ic  
funct iona l  groups (Webb, 1975). I t  owes i t s  adsorp t ive  
p rop e r t i e s  to i t s  m acro re t icu la r  s t ructure  i . e .  r e l a t i v e l y  
la rge  c o n t r o l l ed  pore s i z e  o f  the res in  beads, broad range 
o f  pore s i z e s ,  high surface  area and aromatic nature o f
4 . 3 . 3  V a l i d a t i o n  o f  t h e  method
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i t s  sur face .  I t  has been designed to  adsorb hydrophobic 
so lu te s  from po lar  so lven ts  and is  p a r t i c u la r l y  
recommended f o r  the separa t ion  o f  organic  mater ia l  having 
a hydrophobic and a hyd roph i l ic  s ec t ion  (Technical 
b u l l e t i n  f o r  f l u i d  process chemicals Amberl ite  XAD-4 
r e s in .  Rohn end Haas Co., Independence H a l l ,  West 
Ph i lade lph ia ,  Pennsylvan ia ) .
The optimum f low  ra te  o f  the adsorption cyc le  was 
found to  be 6 ml/min. Lower f low  ra tes  were avoided 
because o f  the p o ten t ia l  formation o f  a r t i f a c t s  during the 
longer  adsorption c y c le .  Higher f low  ra te s  were proved to  
lead to  reduced r e t e n t io n  o f  the r e l a t i v e l y  hyd roph i l ic  
HOCH2TH8C3COOH, THBC3C00H, CH3TH8C3C00H by the re s in  end 
th e r e fo r e  reduced r e c o v e r i e s  (F ig .  4 .1 ) .
Methanol which i s  a good so lven t  f o r  B-CCA was found 
to  be the most su i ta b le  desorbing agent. Ethanol, 
propanol and ch loroform when te s ted  r e su l ted  in low 
r e c o v e r i e s  o f  the three  more h yd roph i l ic  B-CCA. The f low  
r a t e  during the e lu t io n  cy c le  was f i x e d  to  3 ml/min. by 
r e fe r e n ce  to  the manufacturer 's  techn ica l  b u l l e t in .
By loading the column with high concentrat ions o f  8- 
CCA standards d is s o lv e d  in 600 ml water,  e lu t in g  with 
methanol and c o l l e c t i n g  a l iq u o ts  f o r  ana lys is  by HPLC 
a f t e r  concentrat ion  at reduced pressure, i t  was found that 
: a) The f i r s t  8ml were p r im ar i ly  aqueous and could be
d iscarded b) The B-CCA were q u a n t i t a t i v e l y  recovered  in 
the next 125 m l .
Further s im i la r  s tud ies  examined the e f f e c t  on 
re covery  o f  B-CCA o f  var ious fa c to r s  such as : a) Sample
109
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ex t ra c t  pH va lue;  b) presence o f  neutral s a l t s  e .g .  
(NH4 ) 2SCU In the sample e x t r a c t ;  c) 8-CCA concentrat ion  in 
the sample e x t r a c t ;  d) concentrat ing the XAD-4 column 
methanolic e lua te  by r o ta r y  evaporat ion. The r e su l ts  are 
shown in Tables 4.1 and 4.2 .
Table 4.1 ind ica ted  that the recovery  e f f i c i e n c y  o f  
B-CCA from the column was increased in the presence o f  a 
neutra l inorganic  s a l t  which i s  cons is ten t  with the 
manufacturer 's  c la ims. The d r i v in g  fo rce  f o r  adsorption 
to  hydrophobic supports is  g e n e ra l l y  considered to  depend 
upon the extent  to  which the analy te  d isrupts  the water 
l a t t i c e .  Po ss ib ly  t h i s  d is rup t ion  is  g r e a t e r  in the 
presence o f  neutra l s a l t s .  Losses during the
concentrat ion  step were not d e te c tab le .
Table 4.2 in d ica ted  that the recovery  e f f i c i e n c i e s  o f  
B-CCA o f  the pH 4 and pH 6 so lu t ions  were h igher than 
those o f  pH 2 and pH 8. This was due to  the h igher  water 
s o l u b i l i t y  and consequently reduced adsorption onto XAD-4 
column o f  these amphoteric compounds at pH va lues fa r  from 
t h e i r  i s o e l e c t r i c  po in ts ,  assumed to  be s im i la r  to  
tryptophan ( i . e .  pH 5 .9 ) .
As a r e s u l t  o f  these in v e s t i g a t io n s  the method 
adopted f o r  the clean-up step is  g iven  in \the fo l l ow in g  
s e c t i o n .
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TABLE 4.1
Percentage recoveries of Tetrahydro-B-carbolinocarboxylie acids from 
XAD-4 column.
B - C C A  r e c o v e r i e s  ( % )
B-CCA High concentration Low concentration^ 7 Effect of
w i t h o u t w i t h CS) with rotary
(NLU) 2SCU (NTU)2SCU (NRUsSQa evaporation*^7
HOCH2THBC3COOH 81.2 87.3 96.1 97.9
THBC3C00H 85.9 84.1 93.6 103.0
CH3THBC3COOH 84.6 87.9 96.0 103.7
PheTHBC3CCOH 85.1 91.1 <e> 99.4
So1THBC3COOH<17 80.1 89.4 <©>
Sa1TH8C3COOH <2 7 85.2 89.8 <©>
SalTHBC3COOH<3) 83.1 89.6 <©) 99.5
Notes : (1) First eluting isomer. (2) Second eluting isomer, (3) Mixture of the two isomers. 
(4) The sample consisted of 3 working standard solution (section 3.2} dissolved in 600ml water (pH 
2.8). (5) The sample consisted of a working standard solution dissolved in 600ml water containing 
2.3% of (NH4)2S04. (pH 2.8). (6) The sample consisted of 2.5pg each of H0CHaTHBC3C00H, THBC3C00H, 
CHaTHBC3C00H and 25pg each of PheTHBC3C00H and Sa1THBC3C00H dissolved in 600ml water containing 
2.3% of (MLLSO.,, (pH 2.8). (7) The sample consisting of a working standard solution dissolved
in 120ml methanol was concentrated in the rotary evaporator without being passed through the 
column. (8) The peak area was too small to be calculated either with the integrator or manually.
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4 .4 .1 .2  D esc r ip t ion  o f  method adopted p r o v i s i o n a l l y  f o r  
the sample clean-up
Sample e x t r a c t  obtained a f t e r  the p r e c ip i t a t i o n  o f  
p ro te in s  was ad justed  to  pH 4 with  HC1 (Table 4.2 ) and 
passed downflow (6 ml/min.) through the XAD-4 column 
prepared as descr ibed  in s e c t io n  4 ,3 .1 .  The column was 
washed with 100 ml o f  d i s t i l l e d  water and adsorbed 
substances e lu ted  w ith  methanol w ith  a f low  ra te  o f  3 
ml/min. tak ing  care always to  keep the top o f  the column 
complete ly  submerged in the f low in g  so lv en ts .  The f i r s t  8 
ml o f  the e lua te  were d iscarded  and the f o l l o w in g  125 ml 
were c o l l e c t e d  in a vo lum etr ic  c y l in d e r  kept in i c e .
TABLE 4.2
Effect of the pH of the XAD-4 column during the adsorption cycle on 
the recovery of Tetrahydro-B-carbolinocarboxylie acids.
P e r c e n t a g e  r e c o v e r i e s
pH H0CH2THBC3C0CH THBC3C00H CH3THBC3C00H PheTHBC3C00H SalTHBC3C00H
2 80 78 93 84 67<i>(77<2>,59<3>)
4 90 91 94 91 79<o.> (69c2) ,88<3>)
6 99 87 97 90 7 7 ( 7 1 <2) ,81<3))
8 68 54 85 86 76<X)(74<2),79 <3>)
Notes : (1) Mixture of the two isomers. (2) First eluting isomer. (3) Second eluting isomer.
-  113 -
4 .4 .1 .3  Development o f  an e x t r a c t i o n  procedure fo r  s o l i d  
samples
One o f  the main problems which has to  be so lved  
during the development o f  an a n a l y t i c a l  procedure is  the 
formation o f  a r t i f a c t s .  This requ ired  the e l im in a t ion  o f  
f r e e  carbonyls from the sample. I t  was observed that 
e th e r  e x t ra c t ion  was i n e f f i c i e n t  f o r  removing 
g l y c o la ld e h y d e , aceta ldehyde, formaldehyde and probably 
o ther  water so lub le  ca rb on y l ic  compounds. Hence, the food 
samples were ex t ra c ted  in the presence o f  excess 
semicarbezide hydroch lo r ide  which acts  as carbonyl b inder 
(Honecker & Rommelspacher, 1978). S im i la r l y ,  methanol,
e th e r  and dichloromethane were t r e a t e d  w ith  excess 
tryptophan (s e c t io n  4 .2 )  to  bind v i e  the P i c t e t -S p e n g le r  
r e a c t i o n  any t races  o f  formaldehyde or aceta ldehyde (Bosin 
e t  a l . ,  1983b). In order  to  prevent emulsion formation 
during the e x t ra c t io n  w ith  e th e r ,  as w e l l  as b lock ing  o f  
the XAD-4 r e s in  bed, c o l l o i d e l l y  d ispersed
p r o t e in s / l ip o p ro t e in s  were e l im ina ted  from the sample 
e x t r a c t  by the add i t ion  o f  sa tura ted  ammonium sulphate and 
c e n t r i fu g a t i o n  at 29,000 x g just  be fo re  the clean-up 
s t e p .
The procedure descr ibed  in 4 .3 .2  was i n i t i a l l y  
app l ied  to  the B-CCA working standard so lu t io n  (s e c t ion
3.2 )  to determine the percentage r e c o v e r i e s .  As shown in 
Tab le  4.3 the more h yd rop h i l i c  B-CCA were poor ly  recovered  
and th i s  loss was traced  to  e ther  remaining in the aqueous 
phase. This res idua l  e ther  was removed by evaporat ion
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under reduced pressure and subsequent f r e e z e -d r y in g .  The 
res idue  was r e d is s o lv e d  in 600 ml water and app l ied  to the 
XAD-4 column. The improved r e co v e r ie s  are shown in Table
4 .3 .  When th is  m od i f ied  procedure was app l ied  to a 
nega t ive  con tro l  sample (s e c t io n  3.2) with and without 
sp ik ing  with  B-CCA working standard so lu t ion  (sec t ion
3 .2 ) ,  i t  was found that  the f in a l  methanolic so lu t ions  o f  
the ro ta ry  evaporator  res idue  (4 .3 .2 )  were turb id .  In 
order  to  p ro tec t  the HPLC column these so lu t ions  were 
passed through a M i l l i p o r e  HAFT f i l t e r .  To accomodate th is  
type o f  f i l t e r  the res idue ,  a f t e r  evaporat ion  o f the 
e lua te  from the XAD-4 column, was d is so lv ed  in 5 ml 4% 
formic ac id  instead o f  methanol.
Comparison o f  the chromatograms f o r  the unspiked 
(F ig .  4 .2 )  with the spiked negat ive  contro l  sample showed 
that  severa l  substances were present which e lu ted  in the 
same reg ion  as the l e ss  hyd roph i l ic  B-CCA (PheTHBC3C00H, 
Sa1THBC3C00H). Since B-CCA are ampholytes, removal o f  
these in t e r f e r i n g  substances was attempted by e x t ra c t in g  
the o r i g in a l  sample s lu r r y  w ith  e ther  at low pH value 
(1 .5 )  fo l low ed  by dichloromethane e x t ra c t ion  et  high pH 
va lue  (1 1 .5 ) .  Dichloromethane was chosen because i t s  
r e l a t i v e  dens i ty  f a c i l i t a t e d  recovery  o f  the less dense 
supernatant aqueous phase conta in ing the B-CCA. and 
because i t  i s  a good so lven t  fo r  tryptamine and non- 
carboxy la ted  te t rah yd ro -B -ca rbo l in es  which might otherwise 
i n t e r f e r e  in the chromatogram. In a separate study i t  
was confirmed that  dichloromethane e x t ra c t ion  o f  a 
d i lu t e d  working standard so lu t ion  o f  B-CCA (sec t ion  3.2)
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\ i m e ( m i n )
FIGURE 4.2 Chromatogram of a negative control sample (section 3.2) extracted only twice with ether 
at pH 4.7 before the clean-up step. Peaks: 1. region where HQCH3TRBC3C00H should emerge, if 
present; xa, unidentified peak; 2, TH8C3COGH; 3, CH3TH8C3C00H; 4. unidentified peak with the same 
Rt as SalTH8C3COOH (1st isomer); 5, unidentified peak with the same Rt as PheTHBC3C00H; 6, region 
where Sa1TH8C3C00H (2nd isomer) should emerge, if present. Chromatographic conditions as in Fig.
4.3.
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at pH 11.5 achieved good r e c o v e r i e s  in range 96% f o r  more 
h yd rop h i l i c  to 94% fo r  less  h yd rop h i l i c  8-CCA.
Accord ingly ,  the f o l l o w in g  m od i f ica t ions  were 
introduced to the procedure. The two ex t ra c t ion s  with 
e ther  at pH 4.7 descr ibed  in s e c t io n  4 .3 .2  were abol ished. 
A f t e r  ex t ra c t ion  w ith  e ther  at pH 1.5, the pH of the 
sample s lu rry  was adjusted to  11.5 using 10 M KOH. This 
was ex t rac ted  with  an equal volume o f  CH2C12 , cen tr i fuged  
at 1,860 x g (t=0°C) f o r  20 min. and the supernatant 
aqueous phase was t ra n s fe r r e d  to  an ice  c h i l l e d  beaker.
The pH was adjusted to  2.6 fo l low ed  by p ro te in
p r e c ip i t a t i o n  with  (NH^laSCU, evaporat ion  under reduced 
pressure ,  and f r e e z e -d r y in g .  To shorten the time requ ired  
f o r  the adsorption c y c le .  and thus the time during which 
a r t i f a c t s  may form, the f r e e z e - d r i e d  res idue  was d isso lved  
in 400ml ra ther  than 600ml water.  To improve the 
p r e c is io n ,  seroton in  c r e a t in in e  sulphate was introduced as 
an I . S .  I t  was added to  the f i n a l  5ml p u r i f i e d  sample 
e x t ra c t  just  be fo re  HPLC ana ly s is  at a concentrat ion  o f
2.54 gg/ml (s e c t ion  3 .5 .2 ) .
This much r e v is e d  method was app l ied  to  a negat ive  
con tro l  sample spiked w ith  B-CCA and desp i te  the 
in troduc t ion  o f  s eve ra l  new steps .  i t  was found to g iv e  
good r e c o v e r i e s  (Table  4.3 under the t i t l e  o f  re v is ed  
method 4 .3 .2 ) .  The method was a lso  app l ied  to  a sample
spiked with 1ml o f  the a ldehyd ic  precursors mixture 
( s e c t io n  4.2) so as to  assess the ex tent  o f  a r t i f a c tu a l  
formation o f B-CCA in a worst p oss ib le  case. I t  was
o b s e r v e d  t h a t  l e s s  th a n  0 .007% o f  t h e  c a r b o n y l s  w e r e
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converted  to  B-CCA (Table 4.4 under the t i t l e  o f  r e v i s e d  
method 4 .3 .2 ) .  However, t h i s  conversion generated l e v e l s  
o f  a r t i f a c t u a l  B-CCA which are o f  the same order  o f
magnitude as those expected in smoked samples. Hence. i t  
was dec ided that fu r th e r  reduct ion o f  a r t i f a c t u a l
formation was necessary.
The f o l l o w in g  changes were in v es t i g a ted :  A f t e r  the
i n i t i a l  homogenisation with water. the sample was 
c en t r i fu g ed  at 3,640 x g (t=0°C) to  remove the inso lub le  
meat cons t i tuen ts  and minimise the formation o f  emulsions 
during the subsequent e x t r a c t i o n  with e ther .  The 30 ml 
c e n t r i fu g e  tubes were rep laced  f o r  speed and convenience 
by 250 ml conta iners .  Moreover, a suct ion  apparatus 
connected to a vacuum pump f a c i l i t a t e d  removal o f  the
aqueous phase from the bottom o f  the c e n t r i fu g e  tubes
without d is tu rb ing  the sediment or the supernatant e ther  
phase. Adjustment to  pH 11.5 in read iness f o r  e x t r a c t io n  
w ith  CH2C12 led to  e f f i c i e n t  p r e c ip i t a t i o n  o f  suspended 
end d is so lv ed  p ro te in s  which were separated by 
c e n t r i fu g a t i o n  at 3,640 x g b e fo r e  e x t ra c t io n  w ith  CH2C12 . 
T h e re fo r e ,  the p ro te in  p r e c ip i t a t i o n  w ith  (NH<*)2SCU was
abo l ished .  The f r e e z e - d r i e d  res idue was d is s o lv e d  in
400ml water and adjusted to  pH 4 to  increase the 
e f f i c i e n c y  o f  the adsorpt ion  cyc le  (Table 4.2 )  and
minimise the formation o f  a r t i f a c t s  on the column. The 
c e n t r i fu g a t i o n  time f o r  the separat ion  o f  the aqueous 
phase from the organ ic  layer  (e ther  or dichloromethane) 
was reduced to 10 min.
The re su l tan t  sample work-up procedure was again
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eva luated  with  a n ega t ive  contro l  sample spiked e i th e r  
w ith  a B-CCA working standard so lu t ion  (s e c t io n  3.2) or 
w ith  1ml o f  a ldehydic  precursors mixture (s e c t io n  4 .2 )  and 
gave the r e s u l t s  shown in Tables  4.3 and 4.4 r e s p e c t i v e l y  
under the t i t l e  o f  opt imised method I ( 4 .4 .2 ) .  When 
app l ied  to  an unspiked nega t ive  contro l  sample the 
chromatogram obtained was f r e e  o f  i n t e r f e r in g  peaks in the 
reg ion  o f  l ess  h yd rop h i l i c  B-CCA (PheTH8C3COOH, 
Sa1THBC3C00H) but s t i l l  contained a small amount o f  
a r t i f e c t u a l  THBC3C00H (F ig .  4 .3 ) .  Two u n id e n t i f i e d  peaks 
x 2 and x3 emerging 1 min. and 2.5 min. l a t e r  than 
TH8C3COOH were a lso  present.  The r a t i o  o f  t h e i r  peak 
areas to  the peak area o f  the I .S .  was 0.80 and 0.15
r e s p e c t i v e l y  (Table  4 .7 ) .  Since these r e s u l t s  were
considered adequate i t  was decided to  adopt th i s  method
f o r  the ana lys is  o f  smoked products. A d e ta i l e d
d e s c r ip t io n  o f  the method o f  sample pretreatment in i t s
f i n a l  form is  g iven  in sec t ion  4 .4 .2  under the t i t l e  o f  
opt imised method I .
4 .4 .2  Optimised method I
A. S o l id  sample (lOOg) was f i n e l y  chopped with a
s c a lp e l ,  (cheese samples were g ra ted )  and comminuted fo r
two minutes in a g la s s  homogeniser w ith  400 ml d i s t i l l e d  
water conta in ing 18 mmoles (2g) semicarbazide 
hydroch lor ide .  The s lu r r y  was t ra n s fe r red  to 250ml
po lye thy lene  c en t r i fu g e  tubes kept in an ice  bath. The 
homogeniser was r in sed  tw ice  w ith  50ml water and the
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FIGURE 4.3 Chromatogram of a negative control sample (section 3.2) extract purified by optimised
method I (4.4.2), Peaks: 1, I.S.; 2, artifactually formed THBC3C00H (8.7 pg/kg): x3, x3l
unidentified peaks. Chromatographic conditions: Column, 5pm 0DS1 Spherisorb, 25cm X 5mm i.d.; 
gradient elution system 10-35% CH3CH in 0.5% v/v HCOOH for 40 min. + 15 min. isocratic delay to
reset: flow rate, 1.5 ml/mm.; fluorescence detector. lex 270nm, kern 350nm. I.S. concentration,
2.54 pg/ml.
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r i n s i n g s  were added to the tubes which were c e n t r i fu g e d  at  
3,640 x g f o r  20 min. at 0°C.
TABLE 4.4
Formation of artifacts during the sample work-upc l ) .
B-CCA recovered (ua/kg) % reaction of precursor aldehydes 
compound revised optimised revised optimised
method method I method method I
4.3.2<2) (4.4.2) 4.3.2<2> (4.4.2)
HOCH2TH8C3COOH 18.5 14.5 0.0011 0.0008
THBC3C00H 78.8 43.5 0.0055 0.0030
CH3THBC3COOH 391.9 152.6 0.0062 0.0024
Notes : (1) The negative control sample (section 3.2) had been spiked with 0.4»g/g HOCH3CHO, 
1.2ng/g CH3CH0 and 0.2mg/g HCHO. (2) Method described in page 116,
B. The tu rb id  supernatant  was c a r e f u l l y  t r a n s f e r r e d  in to  
a g l a s s  beaker kept in ice  and the pH ad ju s ted  under  
s t i r r i n g  to 1.5 w ith  concentrated  HC1. This  s o lu t io n  was 
e x t ra c t e d  in the g l a s s  homogeniser w ith  an equal volume o f  
e th e r ,  q u a n t i t a t i v e l y  t r a n s f e r r e d  to fou r  th ick  w a l le d  
g l a s s  tubes ( c a p a c i ty  about 250ml each) and c e n t r i fu g e d  at  
1,860 x g fo r  10 min. at  0°C. Two la y e r s  sepa ra ted .  The 
c l e a r  aqueous la y e r  which conta ined  the B-CCA was ly ing  at  
the bottom of  the c e n t r i f u g e  tubes .  The j e l l y l i k e  
supernatant  contained  e th e r ,  p ro te in s ,  l i p i d s  and small  
q u a n t i t i e s  of  water .
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C. The aqueous phases were sucked-up qu ick ly  with  a 
d ev ice  connected to  a vacuum pump and c o l l e c t e d  in an I c e -  
coo led  beaker,  the pH ad ju s ted  under s t i r r i n g  to 11.5 with  
10M KOH. q u a n t i t a t i v e l y  t r a n s f e r r e d  to po lyethy lene  tubes  
and c e n t r i fu g e d  at 3,640 x g f o r  10 min. at  0°C to remove 
the p r e c i p i t a t e d  p ro te in s .
D. The c l e a r  y e l l o w i s h  supernatant  was t r a n s f e r r e d  to the 
homogeniser e x t rac ted  f o r  2 min. with  an equal volume of  
CHs C12 ond c en t r i fu g e d  at  1,860 x g f o r  10 min. at  0°C in 
the th ick  w a l l e d  g l a s s  tubes .  The formation o f  emulsion  
was avo ided  t h i s  time due to  the absence o f  w ater  s o lu b le  
p ro te in s  and l i p i d s .  The supernatant  aqueous phase was 
c a r e f u l l y  c o l l e c t e d  in to  an i c e - c o o l e d  beaker ,  the pH 
a d ju s ted  to 4 w ith  concentrated  HC1 under s t i r r i n g  and 
q u a n t i t a t i v e l y  t r a n s f e r r e d  to  two round bottom, th ick  
w a l l e d  f l a s k s  which were c h i l l e d  to  - 4 0 °C and he ld  in the 
f r e e z e r  f o r  th ree  hours to  minimise the s o l u b i l i t y  o f  
e th e r  in water .
E. The two f l a s k s  were connected to  a r o t a ry  evapora to r  
f o r  30 min. to  remove most o f  the r e s id u a l  e the r .  The 
sample was f rozen  aga in  in a f r e e z in g  mixture and f r e e z e -  
d r i e d  f o r  24 hours to remove the remaining t r a c e s  of  
e t h e r .
F. The contents o f  the f l a s k s  were d i s s o l v e d  in 400 ml 
d i s t i l l e d  water ,  passed through the Amber l ite  XAD-4 column 
and e lu ted  w ith  tryptophan t r e a t e d  methanol as d esc r ibed  
in  s e c t io n  4 .4 .1 .2 .
G. The e lu a te  was concentrated  in the r o t a r y  evapora to r  to  
approx imate ly  1ml and then was q u a n t i t a t i v e l y  t r a n s f e r r e d
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to a 5m1 vo lum etr ic  f l a s k  con ta in ing  12.7pg o f  I . S .  The 
r o t a r y  evapora to r  f l a s k  was r i n s e d  with  3.5ml o f  4% HCOOH 
and the r i n s in g s  c a r e f u l l y  added to the f l a s k .  Th is  
s o lu t i o n  was made up to 5ml w ith  4% HCOOH, passed through  
a M i l l i p o r e  HAFT f i l t e r  end was immediately ana lysed  by 
HPLC. During a n a ly s i s ,  the sample was kept in an ice  bath  
to prevent formation o f  a r t i f a c t s .
The q u a n t i t a t io n  o f  B-CCA in the v a r iou s  samples was 
accomplished by determ ining  the r a t i o  o f  peek area o f  each 
compound to the peek area o f  the I . S .  and r e fe r e n c e  to  a 
c a l i b r a t i o n  curve (F ig s  3 .1 2 -3 .1 6 ) .
4.4.3 Eva lua t ion  and r e v i s i o n  o f  opt im ised  method I
Although adopted w ith  c o n s id e r a b le  conf idence  f o r  the  
a n a ly s i s  o f  a few samples,  opt im ised  method X presented  
v a r io u s  drawbacks in p r a c t i c e .  I t  was ted ious ,
complicated  and formation  o f  a r t i f a c t s  could  not be 
complete ly  e l im in a ted .  Ether ,  used as an e x t r a c t in g  
s o lv e n t ,  extended the whole process  by causing the 
formation  o f  emulsions which were d i f f i c u l t  to separate  by 
c e n t r i f u g a t i o n .  A time consuming f r e e z e -d r y in g  step  was 
e s s e n t i a l  to remove the e th e r  t r a ce s  from the aqueous 
phase.  Semicarbazide  h y d ro c h lo r id e  was not r e t a in e d  by 
the c lean -up  column dur ing  the ad so rp t ion  cyc le  and thus 
formation o f  a r t i f a c t s  dur ing  subsequent s teps  was qu i te  
l i k e l y .  A cco rd in g ly ,  the f o l l o w in g  m o d i f ic a t ion s  were  
in troduced  (F ig .  4 .9  , pcc t^ 1^ 3.)
1) I n i t i a l l y ,  the sample was chopped w ith  a s c a l p e l .
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minced twice us ing  o r i f i c e  p l a t e s  w ith  p r o g r e s s i v e l y  
d ec re a s in g  ap e r tu re s ,  thorough ly  mixed to  ach ieve  b e t t e r  
homogeneity and weighed.  This  was t r e a t e d  w ith  a s o lu t io n  
o f  semicarbaz ide  h y d ro ch lo r ide ,  immediately f rozen  to  
~80°C and f r e e z e - d r i e d  to f a c i l i t a t e  and ensure the 
removal of  the most v o l a t i l e  and r e a c t i v e  acete ldehyde  and 
fo rma ldehyde .
2) The sample e x t r a c t  p a r t i t i o n i n g  w ith  e ther  at  a low pH 
va lu e  was abo l i sh ed  because i t  was shown that  none o f  the 
i n t e r f e r i n g  peeks o f  the chromatogram were even p a r t i a l l y  
e l im in a ted  dur ing  t h i s  s tep .  The p a r t i t i o n i n g  o f  the 
sample ex t ra c t  at  a h igh  pH va lue  (pH 11.5) was c a r r i e d  
out w ith  dichloromethane.
3) Water s o lu b le  p ro te in s  were removed from the sample 
e x t r a c t  as f o l l o w s :  A f t e r  the i n i t i a l  removal o f  water  
in s o lu b l e  p ro te in s  by c e n t r i f u g a t i o n ,  tbe  pH was inc reased  
to  12 w ith  KOH and g r a d u a l l y  reduced w ith  70% HClCu u n t i l  
no fu r th e r  p r e c i p i t a t i o n  occured (pH ~ 3 . 5 ) .  The th ick  
p ro te in  p r e c i p i t a t e  was separa ted  by c e n t r i f u g a t i o n .  
HC1CU was shown to be a b e t t e r  f l o c c u l a n t  than HC1 a lways  
p reven t ing  b lockage  o f  XAD-4 column. A t r i a l  w ith  
standard  B-CCA e s t a b l i s h e d  that  d e sp i t e  be ing  a s t rong  
o x i d i s i n g  agent,  HC1CU d id  not cause any o x id a t i v e  damage. 
The f r e e z e -d r y in g  step  was d e fe r r e d .
4) The c lean -up  s tep  was changed as f o l l o w s :  The f low  
r a t e  o f  the adsorpt ion  cyc le  was reduced to 5 ml/min. to  
in c rea se  the r e t e n t io n  o f  more h y d ro p h i l i c  B-CCA 
(H0CH2THBC3C00H, THBC3C00H. CH3THBC3C00H). The 8m1
i n t e r s t i t i a l  aqueous so lven t  was r a p i d l y  run o f f  and
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d is ca rd ed  and the f lo w  r a t e  reduced to 0.6 ml/min. to  
ensure q u a n t i t a t i v e  recove ry  of  B-CCA. F i f t y  ml of  e lu a te  
were c o l l e c t e d ,  evaporated  under reduced p ressu re  to  
remove the methanol and the remaining aqueous re s idue  was 
f r e e z e - d r i e d .  However, i t  was found that  the recovery  o f  
B-CCA was impaired due to the presence of  t r a ce s  of CH2C12 
dur ing  the ad so rp t ion  cyc le  (Tab le  4 .5 :  CH2C12 ex t r e c t io n +  
+ c l e a n - u p ) . P r e v io u s ly  (opt im ised  method I )CH2C12 had been 
removed during  the f r e e z e - d r y in g  s tep .  This  problem was 
avo ided  by a l s o  d e f e r r i n g  the CH2C12 e x t r a c t io n  as 
f o l l o w s ;  A f t e r  f r e e z e - d r y in g  the column e lu a te  r e s id u e  was 
d i s s o l v e d  in 5ml 6% KOH (pH 11.5) and ex t rac ted  w ith  8m1 
CH2C12 . The mixture was separated  by c e n t r i f u g a t i o n  and 
the supernatant a f t e r  the ad d i t io n  of I . S .  was immediately  
ana lysed  by HPLC.
T r i a l s  w ith  working s tandard  s o lu t io n s  ( s e c t io n  3 .2 )  
were c a r r i e d  out to  check the e f f e c t  o f  the prev ious  
m o d i f i c a t io n s  on the B-CCA r e c o v e r i e s  (F ig .  4 .4 ;  Tab le  
4 . 5 ) .  N egat ive  con t ro l  samples ( s e c t i o n  3 .2 )  w ith  or  
without  added a ldehyd ic  p recu rso rs  ( s e c t io n  4 . 2 ) ,  were 
t r e a t e d  by the r e v i s e d  method (m o d i f ic a t io n s  1-4 )  to  
i n v e s t i g a t e  the chances o f  a r t i f a c t  formation (F ig .  
4 . 5 ( a ) , ( b ) ) .  A lso .  n ega t ive  contro l  samples with and 
without  added a ldehyd ic  p recu rso r s  were examined without  
the use of  sem icarbaz ide  and without f r e e z e -d r y in g  of  the 
i n i t i a l  sample and the column e lu a te  re s id u e  to a s c e r t a in  
the extent to which a r t i f a c t  formation was c o n t r o l l e d  by 
these  two p r o t e c t i v e  s tep s  (F ig .  4 . 5 ( c ) ;  F ig .  4 . 7 ( b ) ;  
T ab le  4 . 6 ) .  From T ab le s  4 .5 ,  4 .6 i t  became ev ident that
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r e c o v e r i e s  o f  B-CCA, and s i g n i f i c a n t l y  minimised the 
formation of a r t i f a c t s ,  f u r th e r  p recaut ions  were r e qu i r ed  
in o rde r  to complete ly  e l im in a te  them. improve the 
background no ise  and th e r e f o r e  increase  the d e tec t ion  
l im i t  of  B-CCA. As a l r e a d y  mentioned, the sample remained  
v i r t u a l l y  unprotected  a f t e r  the e lu t io n  cyc le .  In
p a r t i c u l a r ,  the e x t r a c t i o n  w ith  CH2C12 presented  a g r e a t  
r i s k  o f  a r t i f a c t  formation due to the h igh  pH o f  the 
s o lu t i o n  and the p o s s i b l e  presence  o f  t r a ce s  o f  a ldehydes  
in  the o rgan ic  s o lv e n t .  I t  was dec ided  to  take advantage
TABLE 4.6
Formation of arti facts following revision of optimised method I.
B-CCA recovered (ucr/kq) % reaction of precursor aldehydes 
compound semicarb- no semicarb- semicarb- no semicarb-
azide(1) azide<2> a z i d e 5 azide<2)
a l t h o u g h  m o d i f i c a t i o n s  1 ,  2,  3 a n d  4  d i d  n o t  a f f e c t  t h e
H0CH2THBC3C00H no reaction -  no reaction
THBC3C00H 17 421 0.00116 0.02924
CH3THBC3COOH 16 48 0.00026 0.00077
Notes : (1) Tie negative control sample (section 3.2) had been spiked with 0.4ag/g H0CHaCH0, 
1.2mg/g CH3CH0, 0.2mg/g HCHO end treated following revised method described in 4.4.3 
(modifications 1-4). (2) The negative control sample had been spiked with 1.2mg/g CH3CHO,
0.2mg/g HCHO and treated following revised method described in 4.4.3 (modifications 1-4) but 
without addition of semicarbazide or freeze-drying of the initial sample and the XAD-4 column 
eluate residue.
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aga in  o f  the carbonyl  b ind ing  a b i l i t y  o f  sernicarbazide  
(Honecker & Rommelspacher, 1978). The e lu t io n  cyc le  was
changed as f o l l o w s :
5) A f t e r  the quick c o l l e c t i o n  and r e j e c t i o n  o f  the f i r s t  
8m1 e lu t in g ,  the f low  r a t e  was ad ju s ted  to 1.5 ml/min. In 
o rde r  to f u r th e r  reduce the opportun ity  f o r  a r t i f a c t  
formation  the next 10ml o f  e lu a t e  ( con ta in in g  the f r ee  
tryptophan.  part  o f  B-CCA and y e l l o w  S c h i f f ' s  bases )  were 
c o l l e c t e d  s e p a ra t e ly  in a vo lum etr ic  f l a s k  conta in ing  
350mg sernicarbazide h yd roch lo r ide  end kept in an ice  bath.  
The f low  r a t e  was reduced to 0.5 ml/min. and another 25ml 
volume o f  e lu a te  conta in ing  the r e s t  o f  B-CCA was 
s e p a r a t e l y  c o l l e c t e d  in an ice  co ld  vo lum etr ic  f l a s k .  The 
contents  o f  the two vo lum etr ic  f l a s k s  were mixed 
to ge th e r ,  evaporated ,  f r e e z e - d r i e d * ,  end e x t ra c ted  with  
CH2C12 as d e sc r ib ed  in m o d i f i c a t io n  4. Small amount o f  
sernicarbazide h yd roch lo r ide  was a l s o  added to  the f i n a l  
sample a f t e r  the e x t r a c t io n  w ith  CH2C12 to r e p la c e  that  
l o s t  dur ing  the e x t r a c t io n  and moreover to  ad ju s t  the pH 
o f  the sample to ~ 4 .5 and not damage the top o f  the HPLC 
column. In an attempt to  reduce the background no ise ,  i t  
was dec ided  to ana lyse  50g in stead  o f  lOOg o f  sample.
* The addition of N0BH4. which acts as a mild reducing agent for carbonylo- and iaino- double 
bonds, to the freeze-dried column eluate did not give satisfactory results in spite of reducing 
the background noise significantly. Its main disadvantage was that it reacted violently with the 
acidic HPLC solvent forming numerous hydrogen bubbles which damaged the column packing and 
obscured the recorder trace (Fig. 4.6). KBH* and NaBH3CN had more or less the same effect.
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FIGURE 4.6 Effect of the addition of NaBH4 instead of seaicarbazide, to the 
coluan eluate of a negative control sample (section 3.2) before extraction
4.4.3, note). Peaks: 1, Ha bubbles; 2, I.S.; 3, THBC3CQ0H; xa, x3, x4. 
Chromatographic conditions and I.S. concentration as in Fig. 4.3.
freeze-dried XAD-4 
with CHaCla (section 
unidentified peeks.
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FIGURE 4.7 Chromatograms of a negative control sample (section 3.2) spiked withO.2 ng/g HCHO and
1.2 mg/g CHaCHO and: (a) analysed by optimised method II; (b) treated following revised method 
described in 4.4.3 (modifications 1-4) but without addition of semicarbazide and without freeze- 
drying the initial sample and the column eluate residue. Peaks: 1, I.S.; 2, TH8C3COOH; x2. x3l 
unidentified peaks; 3, CH3TH8C3C00H. Chromatographic conditions and I.S. concentration as in Fig.
4.3.
A d e t a i l e d  d e s c r i p t i o n  o f  the method which r e su l t e d  
from the in t roduct ion  o f  m o d i f i c a t io n s  1-5 (F ig .  4 .9 )  i s  
g iven  in sec t ion  4 .4 .4 .  under the t i t l e  o f  optimised  
method I I .
4.4.4 Optimised method I I
A. Each sample was chopped w ith  a s c a l p e l ,  minced twice  
in a mincer (cheese samples were g r a ted )  and thoroughly  
mixed to ensure homogeneity. F i f t y  or  ten grams 
( s e c t i o n  4 .4 .5 )  o f  the thus prepared  sample were weighed  
in  a g l a s s  v i a l  and 18 mmoles o f  sernicarbazide  
hyd roch lo r ide ,  d i s s o l v e d  in 10 ml water ,  were added to i t  
w ith  thorough mixing by a sp a tu la  in o rder  to absorb  the 
sernicarbazide but tak in g  care  to avo id  any sample lo s se s .
B. The v i a l  was l e f t  at  -80°C  f o r  a few hours and f r e e z e -  
d r i e d  f o r  24 h to  remove w a te r  and v o l a t i l e  a ldehydes.  
The f r e e z e - d r i e d  sample was comminuted f o r  2 min. in a 
g l a s s  homogeniser w ith  300ml water  some o f  which had been 
used to  thoroughly  r i n s e  the g l a s s  v i a l .  The s l u r r y  was 
t r a n s f e r r e d  to two 250ml po lyethy lene  c e n t r i f u g e  tubes  
kept in an ice bath.  The homogeniser was r in s e d  twice
w ith  40ml water and the r i n s i n g s  were added to  the tubes
which were c en t r i fu g ed  at 3,640 x g fo r  20 min. at  0°C.
C. The supernatants  were c a r e f u l l y  t r a n s f e r r e d  into a 
g l a s s  beaker kept in ice  and the pH was ad ju s ted  under 
s t i r r i n g  to 12 with  10M KOH and subsequent ly  to 3.5 with  
drops o f  70% HC1CU to p r e c i p i t a t e  the water  s o lu b le
p ro t e in s .  The white  t u r b id  l i q u i d  was t r a n s f e r r e d  to
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po lyethy lene  c e n t r i fu g e  tubes kept In an Ice bath and 
c e n t r i fu g e d  et 3,640xg f o r  15 min. at 0°C.
D. The po lyethy lene  tubes  w ith  t h e i r  content were p ieced  
in a l a rg e  ice bath and the c l e a r  y e l lo w i s h  supernatant of  
each tube was passed downflow through the Amberl ite  XAD-4 
column kept at room temperature.  Flow r a t e :  5ml/min. The 
column was washed w ith  80ml d i s t i l l e d  water  to remove a l l  
remaining water  s o lu b l e  compounds on the r e s i n  and e lu ted  
with  t ryp top h a n - t re a ted  methanol tak ing  care to keep the 
top o f  the column complete ly  submerged in the f low ing  
so lv e n t s .  The i n i t i a l  f lo w  r a t e  was 8 ml/min. and the  
f i r s t  8m1 o f  e lu a t e  were c o l l e c t e d  in a vo lumetr ic  
c y l in d e r  and d i s ca rded .  The f l o w  r a t e  was changed to 1.5 
ml/min. and the f o l l o w in g  10ml o f  the e lua te  were 
c o l l e c t e d  in an ice  coo led  vo lum etr ic  f l a s k  conta in ing  
350mg o f  sem icarbaz ide  h y d ro ch lo r id e .  Then, the f low  ra te  
was reduced to 0.5 ml/min. to  ensure that the two l e s s  
h y d ro p h i l i c  B-CCA were q u a n t i t a t i v e l y  e lu ted  and the 
f o l l o w in g  25ml o f  methanol ic  e lu a te  were c o l l e c t e d  in an 
ice  coo led  vo lum etr ic  f l a s k .  The contents o f  the two 
vo lum etr ic  f l a s k s  were q u a n t i t a t i v e l y  t r a n s f e r r e d  to a 
50ml round bottom f l a s k  and concentrated  under vacuum in a 
r o t a r y  evaporato r  to approx imate ly  2ml in o rde r  to remove 
the organ ic  so lv e n t .  The round bottom f l a s k  with  i t s  
contents  was f rozen  in a f r e e z in g  mixture and f r e e z e -  
d r i e d .
E. The dry re s id u e  was d i s s o l v e d  in 5m1 of 6% KOH. The 
t u r b i d  y e l lo w  s o lu t io n  (pH^11.5) was ex t ra c ted  with 10ml 
t ryp top h a n - t rea ted  CH2C12 f o r  2 min. and then c en t r i fu g ed
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at 1.860 x g fo r  15 min. at 0°C in a g l a s s  c e n t r i f u g e  
tube.  The c l e a r  supernatant  was c o l l e c t e d .  30mg o f  
sem icarbaz ide  hyd roch lo r ide  per 1ml were added to i t  
f o l lo w e d  by vo r t ex  mixing to d i s s o l v e  the sem icarbaz ide .  
and s to red  at -40°C  u n t i l  ana lysed  by HPLC.
F. Just b e fo re  a n a ly s i s  one ml of  the f i n a l  sample was 
p la c ed  in a small g l a s s  v i a l  which contained  2 . 54pg o f  
X.S. end was vo r tex  mixed. The v i a l  w ith  i t s  content was 
covered  with  aluminum f o i l  and s to red  in an ice  bath  
throughout the HPLC a n a ly s i s .
The q u a n t i t a t io n  o f  B-CCA in the v a r io u s  samples was 
accomplished by determ in ing  the r a t i o  o f  the peak area o f  
each compound to  the peak area o f  the I . S .  and re fe re n c e  
to  a c a l i b r a t i o n  curve (F ig s  3 .1 2 -3 .1 6 ) .
4 . 4 .5  Eva luat ion  o f  opt im ised  method I I
The reduct ion  o f  the background no ise  was checked 
w ith  a negat ive  cont ro l  sample ( s e c t i o n  3 .2 )  t r e a t e d  and 
ana ly sed  in t r i p l i c a t e  by opt im ised  method I I .  The 
chromatograms obta ined  were f r e e  from any a r t 1f a c t u a 1ly  
formed B-CCA but s t i l l  conta ined  unknown peaks x2 and x3 
which increased  the background no ise  in the area o f  the 
th ree  more h y d ro p h i l i c  B-CCA (F ig .  4 .8 ;  Tab le  4 . 7 ) .  This  
no ise  was much lower than that  obta ined  by opt imised  
method I (F ig .  4 . 3 ) .  C ons ide r ing  F ig .  4 .8  (b )  i t  was 
ev iden t  that the d e te c t io n  l im i t  was lower than 25 pg/kg 
f o r  the more h y d ro p h i l i c  end 2.000 pg/kg f o r  the le s s  
h y d ro p h i l i c  B-CCA. Lower l e v e l s  could not p o s s ib l y  be
-  13 6  -
1
t im e  (m in )  t im e  ( m i n )
FIGURE 4.8 (a) Chronatogran of a negative control sanple {section 3.2) analysed by the optinised 
iiethod II (b) ChrondtogrdB of the sane sanple extract as in (a) after the addition of 0.25 pg/nl 
of 0HCH3THflC3C00H, THBC3C00H, CH3TH8C3C00H, and 20 pg/ni of PheTH8C3COOH, SalTHBC3C00H to it. 
Peaks: 1, I.S.; 2, H0CH3TH&C3C00H; 3, TH8C3C00H; x3, unidentified peak; 4. CH3TH8C3C00H; x3, 
unidentified peak; 5, SalTHBC3C00H (1st isoaer); 6, PheTHBC3COOH; 7, SalTHBC3CQ0H (2nd isoner). 
Chronatographic conditions and I.S. concentration as in Fig. 4.3.
-  137  -
TABLE 4.7
R at io s  of  u n id e n t i f i e d  peaks x 2 . x3 r e l a t i v e  to the I . S .  
as c a l c u la t e d  from the chromatogram of  negat ive  contro l  
sam p le s .
Peak area  o f  unknown peaks/Peak area of I , S .
___________ Optimised Method I I _______________________  Optimised
method I
1st 2nd 3rd
sample sample sample X S.D. sample
x 2 0.328 0,283 0.284 0.298 ±0.026 0.802
x 3 0.087 0.080 0.083 0.083 ±0.036 0.148
measured a c c u ra te ly .
The improvement in a r t i f a c t  formation achieved by 
us in g  opt im ised  method I I  r a t h e r  than I was a s sessed  by 
a n a ly s in g  a nega t ive  contro l  sample ( s e c t i o n  3 .2 )  sp iked  
with  0.2 mg/g o f  HCHO and 1.2 mg/g of CH3CH0 (Tab le  4 . 8 ) .
The r e c o v e r i e s  o f  B-CCA from samples ana lysed  by 
opt im ised  method I I  a re  shown in Tab le  4 .9 .  Recovery  
experiments were c a r r i e d  out f o r  three l e v e l s  o f  a d d i t ion  
of the f i v e  compounds to n ega t ive  contro l  samples ( s e c t io n
3 . 2 ) .  The c o e f f i c i e n t s  of  v a r i a t i o n  were found to  
f l u c t u a t e  from 1 . 5%-7.3% and were cons idered  to be 
a c c e p ta b le .  The r e c o v e r i e s  of  a p a r t i c u l a r  concentra t ion  
o f  the two l e s s  h y d ro p h i l i c  8-CCA (PheTHBC3C00H. 
Sa1THBC3C00H) were expected to  be lower than those o f  the 
more h y d ro p h i l i c  ones, but such an e f f e c t  could not be
-  1 3 8  -
TABLE 4 .8
Formation of a r t i f a c t s  w ith  opt imised  methods I and I I .
B-CCA recovered  (pg/kg) % r e a c t io n  of p recu rso r
a ldehydes
compound opt imised  opt im ised  opt imised optimised
method I (1)  method I I < 2) method I ( 1 )method I I (2>
H0CH2THBC3C00H 14 -  0.0008
THBC3C00H 43 13 0.0030 0.0009
CHsTHBC3C00H 153 no r e a c t i o n  0.0024 no r e a c t io n
Notes : (1) The negative control sample (section 3.2) had been spiked with 0.4 mg/g CHaOHCHO, 1.2 
mg/g CH3CH0 and 0.2 mg/g HCHO. (2) The negative control sample had been spiked with 1.2 mg/g 
CHaCHO and 0.2 mg/g HCHO.
supported  conv inc ing ly  by s t a t i s t i c a l  ana ly ses  o f  the data  
shown in Table  4 .11 .  However, s t a t i s t i c a l  t e s t s  showed 
that  the percentage r e c o v e r i e s  o f  a l l  the compounds 
d e c l in e d  f o r  h ig h e r  l e v e l s  o f  t h e i r  ad d i t ion .  I t  was 
thought that these reduced r e c o v e r i e s  were due to l im ited  
s o l u b i l i t y  in co ld  w ater .  When standard  B-CCA were added 
to the aqueous e x t r a c t  o f  a negat ive  contro l  sample 
r a t h e r  than the sample i t s e l f ,  improved re c o v e r i e s  were 
obta ined  (Table  4 .1 0 ) .  These obse rva t ion s  were taken as 
co n s is t en t  with the s o l u b i l i t y  e f f e c t  r e f e r r e d  to above,  
which might cause p o t e n t i a l  l o s s e s  during the i n i t i a l  
sample e x t r a c t io n  s tep .  As ev iden t  from Tab le  4.11 th i s  
e f f e c t  was more pronounced w ith  the more hydrophobic
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TABLE 4.11
S t a t i s t i c a l  a n a ly s i s  of  data shown in Tab les  4 .9 and 4.10
S t a t i s t i c s ( t t e S t )
/ ith in  the seme compound between d i f f e r e n t compounds
t P t P
t 1 , 2 = 1.19 N.S . t a , 9 — 2.25 >0.05
t 2 , 3 = 4.09 >0.01 t 3,11 = -3 .2 3 >0.025
11 , 3 = 4.69 >0.01 t 3 ,14 = -0 .6 9 N.S.
t.4 . 5 a 4.04 >0.05 t 9 , 11 — -2 .4 6 >0.05
to , 6 = 2.96 >0.05 t 9 .14 = 1.57 N.S .
t-sl . G 6.20 >0.01 t l 2 ,15 ~ 15.27 >0.0005
t*7 > © = 1.68 N.S. t i l , 14 = 2.94 >0.025
t a , 9 = 6.30 >0.01
t *7 , 9 = 7.72 >0.001
t 3.0 . 11 = 0.80 N.S.
t i l ,12 a 2.44 >0.05
t l O . 12 = 2.84 >0.05
t l 3 , 14 = 3.31 >0.05
t 3.4 . 1S5 = 8.80 >0.0005
t 1 3 , IS = 24.3 >0.0005
t 2 . 1 6 a -0 .65 N.S.
ts  . 17 = 4.87 >0.005
t e . 1 S = 1.06 N.S.
t i l .19 2.76 >0.05
t 14.20 = 11.45 >0.0005
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B-CCA. Since such an e f f e c t  could be g r e a t e r  when 6-CCA 
were present in r e l a t i v e l y  la rge  concentra t ions .  i t  was 
dec ided  that sm e l le r  samples ( lOg r a th e r  than 50g) would  
be used in such cases .
These r e s u l t s  were accepted as confirming that  
opt im ised  method I I  gave accep tab ly  low a r t i f a c t  formation  
and s u f f i c i e n t l y  high r e c o v e r i e s  and i t  was adopted fo r  
f u r t h e r  ana lyses .
1 4 3  -
FIGURE 4.9 Comparison of original (optimised method I) and revised 
extraction procedure (optimised method I I ) .
Optimised Method I 
Chop
Extract in water
Optimised Method I I  
Chop
Mince twice 
Freeze-dry
i
Extract in water
i
Centrifuge -----> discard ppte
i
Increase to pH 11.5 (KOH)
i
Centrifuge -----> discard ppte
j
Reduce to pH 1.5 (HC1)
I
Extract with ether -----> discard ether Decrease to pH 3.5 (HC104)
| phase |
Increase to pH 11.5 (KOH) Centrifuge  > discard ppte
i LCentrifuge -----> discard ppte XAD-4 column
;ract with CH2C12
Centrifuge -----> discard CH2C12 phase
3 *  „Freeze-dry aqueous phase
i
Dissolve in water,XAD-4 
column
Collect 125ml of methanol eluate
I
Evaporate (reduced pressure)
i
Dissolve in 5m1 4% HCOOH
i
Add I.S.
HPLC a n a l y s i s
Collect 35ml of methanol 
eluate in semicarbazide
i
Evaporate (reduced pressure)
i
Dissolve in 5m1 6% KOH
i
Extract with CH2C12
Centrifuge — -> discard
j organic phase
Add semicarbazide + I.S.
HPLC analysis
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CHAPTER 5
TETRAHYDRO-B-CARBOLINOCARBOXYLIC ACID CONTENT IN SMOKED 
FOODS
5.1 INTRODUCTION
T h i r ty  four  samples c a r e f u l l y  s e l e c t e d  so as to  
r e p re s e n t  a l l  types o f  commercia1ly  a v a i l a b l e  smoked food  
products  of  animal o r i g i n  were ana lysed  to determine t h e i r  
B-CCA content.  They were purchased e i t h e r  from B r i t i s h  or  
Greek r e t a i l  s t o r e s  and o r i g in a t e d  from v a r io u s  coun tr ie s .  
When a v a i l a b l e ,  e q u iv a le n t  unsmoked samples were included  
f o r  comparison and were in d ic a te d  as n ega t ive  contro l  
samples.  A d e s c r i p t i o n  o f  each sample and a l i s t  of  
in g re d ie n t s  when known i s  g iven  below.
Group A. Smoked cured meats
Samples 1-3: Danish smoked uncooked gammon s teak  purchased  
in B r i t a i n .  In g r e d ie n t s :  Pork, w ate r ,  s a l t ,  p r e s e r v a t iv e s  
Eass (potassium n i t r a t e ) , E 2 so ( s od i um n i tr* i t  e ) .
Samples 4, 5: Danish smoked uncooked back bacon ra shers
r i n d l e s s  purchased in B r i t a i n .  I n g r e d ie n t s :  Pork, water ,  
s a l t .  p r e s e r v a t i v e s  Esss (potass ium n i t r a t e )  Esso (sodium 
n i t r i t e ) .
Samples 6. 7: Greek n a t u r a l l y  smoked and cooked steak
purchased in Greece.  I n g r e d ie n t s  unknown.
Sample 8: Greek h e a v i l y  smoked and cooked s teak  with  herbs  
purchased in Greece.  I n g r e d ie n t s  unknown.
Sample 9: Greek n a t u r a l l y  smoked and cooked bacon
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purchased In Greece.  In g r e d ie n t s  unknown.
Sample 10: Greek n a t u r a l l y  smoked and cooked bacon
purchased In Greece.  In g r e d ie n t s :  Pork, s a l t ,  s p i c e s ,  
polyphosphates  (0 .4% ),  sodium n i t r a t e  (0.05%),  sodium 
n i t r i t e  (0 .02%).
Sample 11: Greek n a t u r a l l y  smoked and cooked r o l l e d  bacon 
purchased in Greece,  I n g r e d ie n t s  unknown.
Sample 12: Eng l ish  cooked ham n a t u r a l l y  smoked over oak 
ch ipp ings  purchased in B r i t a i n .  In g re d ie n t s :  Pork,  water ,  
s a l t ,  sugar ,  t r i  and polyphosphates ,  sp ice  and herb  
e x t r a c t s ,  p r e s e r v a t i v e s  E2 S 2 (potassium n i t r a t e ) , E2SO 
(sodium n i t r i t e ) , a n t io x id an t  E3Qi  (sodium L - a s c o r b a t e ) . 
Group B, Smoked p asteu rised  comminuted meat products 
Samples 13, 14: Greek n a t u r a l l y  smoked f r a n k f u r t e r  type
sa lam is  ( p a r i s i ,  sp a n ia )  purchased in Greece, In g red ien t s  
unknown.
Samples 15, 16: Greek n a t u r a l l y  smoked m ortade l le  type
sa lam is  purchased in Greece.  In g red ien t s  unknown.
Sample 17: Greek n a t u r a l l y  smoked Bern type salami
purchased in Greece.  I n g r e d ie n t s :  Beef ,  pork, pork f a t ,  
s t a r c h  (5%), whey and milk  p ro te in s  (2%), polyphosphates  
(0 .4% ) ,  sodium n i t r a t e  (0 .05%),  sodium n i t r i t e  (0 .02%),  
s a l t ,  s p i c e s .
Sample 18: Greek s em i -d r ie d  salami ( p a r t i a l  fermentation
fo l lo w e d  by heat p roce s s in g )  purchased in Greece.  
I n g r e d ie n t s :  Bee f ,  pork,  pork f a t .  s a l t  (2 .5%).  sugar  (1%) 
polyphosphates  (0 .4% ) ,  sodium n i t r i t e  (0 .02%),  sp ice s  
(unsmoked c o n t r o l ) .
Sample 19: Greek h e a v i l y  smoked t r a d i t i o n a l  sausages
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Sample 20: Greek n a t u r a l l y  smoked s em i -d r ied  salami
( p a r t i a l  fermentation fo l lo w e d  by heat p rocess in g  and 
smoking) purchased in Greece.  I n g r e d ie n t s :  Beef .  pork,  
mutton, pork f a t .  s a l t  (2 .5% ) ,  suga rs  (1%), sodium n i t r i t e  
(0 .02%),  sodium n i t r a t e  (0 .05%),  s p i c e s .
Group C. Smoked dry ,  fermented, comminuted meat products  
Sample 21: Greek h e a v i l y  smoked t r a d i t i o n a l  dry salami
(Leucad ia  type)  purchased in Greece.  In g r e d ie n t s :  Beef ,  
pork,  pork f a t ,  s a l t ,  su ga rs ,  s p i c e s ,  sodium n i t r a t e
(0 .05%),  sodium n i t r i t e  (0 .02%).
Samples 22-24: Greek n a t u r a l l y  smoked dry sa l  amis
purchased in Greece. I n g r e d ie n t s  unknown.
Sample 25: French smoked dry  sausage (Auverne fumee)
purchased  in the U.K. In g r e d ie n t s  unknown.
Sample 26: Hungarian smoked dry  sausage purchased in the
U.K. Ing red ien t s  unknown.
Sample 27: Danish smoked a i r  d r i e d  matured salami
(Danskan) purchased in Greece.  I n g r e d ie n t s :  Beef ,  pork,  
pork f a t ,  s a l t  (4 .3% ) ,  a c i d i t y  r e g u l a t o r  g l u c o n o - d e l t a -  
l a c tone  (0.5%),  s p i c e s ,  d e x t r o s e ,  g a r l i c  powder,  
p r e s e r v a t i v e  sodium n i t r i t e  (0 .01%).
Sample 28: German ( B e r l i n )  l i g h t l y  smoked t r a d i t i o n a l  dry  
sa lami purchased in the U.K. In g r e d ie n t s :  Beef ,  pork,  
s a l t ,  l a c to se .  s p i c e s ,  g l u c o n o - d e l t a - l a c t o n e , dex trose ,  
a n t io x id a n t  a s c o rb ic  ac id .  d r i e d  g luco se  syrup,  g a r l i c  
e x t r a c t ,  p r e s e r v a t i v e  sodium n i t r i t e  ( E s s o ) .
Sample 29: I t a l i a n  (M i lano )  dry sa lami purchased in the 
U .K . .  maturation time th ree  months. In g r e d ie n t s :  Pork,
p u r c h a s e d  i n  G r e e c e .  I n g r e d i e n t s  u n k n o w n .
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b e e f ,  s a l t ,  s p i c e s ,  suga r ,  p r e s e r v a t i v e  potassium n i t r a t e  
(E 2 3 2 ) (unsmoked c o n t r o l ) .
Group D. Smoked f i s h  f i l l e t s
Sample 30: E n g l i sh  smoked cooked mackerel f i l l e t s  w ith
herbs  purchased in the U.K. In g r e d ie n t s :  Mackere l ,  s a l t ,  
h e r b s .
Sample 31: E n g l i sh  smoked raw haddock f i l l e t s  purchased in 
the U.K.
Sample 32: E n g l i sh  smoked and cooked k ip p e r  f i l l e t s
purchased in the U.K.
Group E. Smoked cheese
Sample 33: Greek h e a v i l y  smoked hard cheese (Metsovone)  
purchased in Greece.
Sample 34: Greek hard  cheese (P rovo lone )  purchased in
Greece (unsmoked c o n t r o l ) .
5 .2  MATERIALS
As in Chapters 3 & 4.
5 .3  METHODS
A f t e r  purchase the samples were s to red  at - 2 0 aC u n t i l  
ana lysed  e i t h e r  by opt im ised  method I ( s e c t i o n  4 .4 .2 )  or  
by opt im ised  method I I  ( s e c t i o n  4 . 4 . 4 ) .
The employed o p e ra t in g  cond it ions  o f  the High  
Pressu re  L iq u id  Chromatograph have a l ready  been d e sc r i b e d  
in  s e c t io n  3 .5 .1 .3 .
T h e  pH o f  e a c h  s a m p l e  w a s  m e a s u r e d  a s  f o l l o w s :  l O g  o f
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s o l i d  sample was comminuted w ith  90 ml water f o r  a few 
minutes.  The mixture was a l low ed  to stand f o r  30 min. and 
a f t e rw a rd s  i t s  pH was measured by use of  a pHmeter.
5 .4  RESULTS AND DISCUSSION
The i d e n t i f i c a t i o n  o f  B-CCA on a chromatogram was 
based on the comparison o f  t h e i r  r e t e n t io n  times with  
those o f  standard compounds. ana lysed  under i d e n t i c a l  
co n d i t io n s .  In cases  o f  doubt the p u r i f i e d  sample 
e x t r a c t s  were spiked w i th  smell  amounts o f  the p a r t i c u l a r  
s tandard  ju s t  b e fo re  HPLC a n a ly s i s  and the co inc idence  of  
the sample peak and the added m ate r ia l  was confirmed.  
When the concentrat ion  o f  a B-CCA in a sample was 
s u f f i c i e n t l y  la rge  to be d e t e c t a b l e  by UV spectroscopy  
both the f luo re scence  and the UV d e tec to r s  were used with  
the HPLC system end the r a t i o  o f  the corresponding  peaks 
on the two chromatograms was measured. S i m i l a r i t y  o f  th is  
r a t i o  to the r a t i o  obta ined  under id e n t ic a l  
chromatographic and d e te c t io n  cond it ions  from the 
corresponding  syn th e s ised  s tandard  compound provided  
fu r t h e r  evidence to support the i d e n t i f i c a t i o n  o f  th is  
compound in the sample. I t  should  be s t r e s s e d  that  the 
i d e n t i f i c a t i o n  o f  unknown compounds o f  the sample as B-CCA 
was based on the s i m i l a r i t i e s  o f  t h e i r  chromatographic  
behav iou r ,  t h e i r  f lu o re sc e n c e  c h a r a c t e r i s t i c s  and in some 
cases  t h e i r  UV absorbances  w ith  those o f  authentic  
sy n th es ised  standard compounds. Further  and unambiguous 
i d e n t i f i c a t i o n  would r e q u i r e  the i s o l a t i o n  of mg
-  149  -
q u a n t i t i e s  o f  the ac tua l  compound by use of a p rep a ra t iv e  
column and con f i rm at ion  o f  s t ru c tu re  by mess spectroscopy .  
This  was beyond the aims o f  the present in v e s t i g a t i o n  and 
might be the o b j e c t i v e  o f  a f u r th e r  experimental  work.
The q u a n t i f i c a t i o n  of B-CCA was achieved as d e sc r ibed  
in Chapter 4, by c a l c u l a t i n g  the r a t i o  o f  peek area o f  the 
corresponding  peak to the peek area of  the in te rn a l  
s tandard  and r e f e r r i n g  to a c a l i b r a t i o n  curve (F ig s  3 .1 2 -  
3 ,1 6 ) .
The B-CCA content o f  smoked cured meats i s  g iven  in
Tab le  5.1 . CH3TH8C3C00H was only detec ted  in samples
ana lysed  by opt im ised  method I (1,  2, 5 and 12).  In v iew
of the r e l a t i v e  i n e f f e c t i v e n e s s  of  method I in  completely  
e l im in a t in g  a r t i f a c t  formation  as w e l l  as the absence o f  
t h i s  compound from s i m i l a r  samples ana lysed  by method I I  
(T ab le  5 . 1 ) ,  i t  was dec ided  that  these va lues  were 
p robab ly  i n f l a t e d  because o f  a r t i f a c t  formation.  The
peaks which e lu ted  in the r e g io n  corresponding  to the le s s  
h y d ro p h i l i c  B-CCA (Rt>37 min . )  have not been f u l l y  
c h a ra c t e r i s e d  (Tab le  5 .1 ;  F ig s  5 .1 ,  5 . 4 ( a ) ,  5 . 6 ( a ) ) .
C on s ide r in g  the known lower r e a c t i v i t y  o f  aromatic  
ca rbony ls  compared to a l i p h a t i c  ones ( s e c t i o n  2 .4 )  i t  
would be s u r p r i s i n g  i f  such l a r g e  y i e l d s  of  aromatic  B-CCA 
(PheTHBC3C00H. Sa1THBC3C00H) were obta ined  in products
con ta in ing  r e l a t i v e l y  smal l  amounts o f  a l i p h a t i c  B-CCA.
I t  was suggested ,  t h e r e f o r e ,  that  these p a r t i c u l a r  peaks 
may be due only to c o e lu t in g  substances .
The B-CCA content o f  a h e a v i l y  smoked t r a d i t i o n a l  
greek  cheese i s  shown in Tab le  5 .2 .  Unsmoked cheese
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l ' ime(min)  time (min)
FIGURE 5.1 HPLC chroaatograa of: (a) A purified extract (optimised netiiod II) of 50g of Greek 
smoked steak (sample 6). (b) The same extract spiked with 0.15 pg/ml H0CH3TH8C3C0QH and 0.15 pg/ml 
MBC3C00H. Peaks: 1. I.S.; 2, H0CH3TH8C3C00H: 3, THBC3C00H; x3, unidentified peak: 4. 
CH3THBC3C001i. Cbroiiatographic conditions: Column, 5pm 0SD1 Spherisorb, 25cm X 5hb i.d.; gradient 
elution system, 10-35% CH3CN in 0.5% v/v HCOOH for 40 min. + 15 nin. isocratic delay to reset; 
flow rate, 1.5 ml/min: fluorescence detector, lex 270nm, lea 350na; I.S. concentration, 2.54 
pg/ml.
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FIGURE 5.2 HPLC chromdtogram of: (a) A purified extract (optimised ©ethod II) of 50g of Greek 
smoked steak (sample 7). (b) A purified extract (optimised ©etbod I) of lOOg of Danish smoked 
gammon steak (sample 2). Peaks: 1. I.S.; 2, H0CH2TH8C3C00H; 3, TH8C3C00H; x2, unidentified peak; 
4. CH3TH8C3COOH. Chromatographic conditions, I.S. concentration, as in Fig. 5.1.
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M m e  (mi n)
FIGURE 5.3 HPLC chronatogran of a purified extract (optinised method I) of lOOg of Danish smoked 
bacon rashers (sasple 5). Peaks: 1, 1.3.; 2, H0CH2THBC3C00H; 3, THBC3C00H; x2( unidentified peak; 
4, CH3TH8C3C00H. Chromatographic conditions, I.S. concentration, as in Fig. 5.1.
-  1 5 4  -
time (min) time (min)
FIGURE 5.4 HPLC chromatogram of a purified extract (optimised method II] of: (a) 50g of Greek 
smoked bacon (sample 9). (b) 50g of Greek smoked bacon (sample 10). Peaks: 1. I.S.:- 2, 
H0CH2TH8C3C00H; 3, THBC3C00H; x2l unidentified peak; 4, region where CH3THBC3C00H should emerge if 
present. Chromatographic conditions, I.S. concentration, as in Fig. 5.1.
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Mme( mi n)  time ( min)
FIGURE 5.5 HPLC chronatogran of: (a). A purified extract (optinised nethod I) of lOOg of English 
snaked hen (sample 12). (b) The sane sample spiked with HOCHJHBC3COQH and CH3THf)C3C00H. Peaks: 1,. 
I*.S.; 2, H0CH3TH8C3CQ0H; 3, TH8C3COOH; x2, unidentified peak; 4, CH3TH8C3C00H. Chronatographic 
conditions, I.S. concentration, as in Fig. 5.1/
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FIGURE 5.6 HPLC chromatogram of: (a) A purified extract (optimised method II) of 50g of Greek 
smoked steak with herbs (sample 8). (b) The same extract spiked with 0.15 pg/ml H0CH2THBC3C00H end 
0.15 pg/ml CH3THBC3C00H. Peaks: 1, I.S.; 2, H0CH2THBC3C00H; 3/ TH&C3C00H; 4. CH3THBC3C00H. 
Chromatographic conditions. I.S. concentration, as in Fig. 5.1.
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FIGURE 5.7 HPLC chromatograms of a five times diluted purified extract (optimised method I) of 
lOOg of Greek smoked cheese (sample 33). Peaks: 1. I.S.; 2, HOCH3THBC3COOH; 3, THBC3C00H, 4, 
CH3THBC3C00H. Chromatographic conditions, I.S. concentration, as in Fig. 5.1.
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manufactured in a r a th e r  s im i l a r  way was used as an 
unsmoked contro l  sample to in v e s t i g a t e  the e f f e c t  o f  the 
smoking process  on the formation o f  8-CCA in th is  type of  
product .  I t  was not iced  that  the g lv co la ld eh yd e  and 
aceta ldehyde d e r i v a t i v e s  were present  only in the smoked 
sam p le .
The 8-CCA content o f  three  f i s h  samples i s  shown in 
Tab le  5 .3 .
Tab le  5.4 summarises the 8-CCA content o f  v a r ious  
smoked p a s teu r i s ed  comminuted meat products .  Sample 18 
was d esc r ib ed  by the manufacturer  as an unsmoked 
p a s t e u r i s e d  product of  dry fermented type. This  
co n t ra d ic to ry  d e s c r i p t i o n  was p robab ly  r e f e r r i n g  to the 
manufactur ing p rocess  which inc luded  a short  fermentation  
pe r iod  fo l low ed  by p a s t e u r i s a t i o n ,  as w e l l  as to the 
i n g r e d ie n t s  o f  the sample which were the same as those of  
a dry ,  fermented, p roduct .  Th is  sample compared w ith  
smoked fermented products  might se rve  as a good contro l  
i n d i c a t in g  the extent  to  which extended fermentation and 
smoking o f  a sample co n t r ib u te  to  the formation o f  B-CCA. 
As f o r  cheese the contro l  d id  not conta in  H0CH2TH8C3C00H 
or  CH3THBC3C00H (F ig .  5 . 1 0 ( b ) ) .
Tab le  5.5 shows the B-CCA content o f  smoked dry  
comminuted meat p roducts .  The samples in d ica ted  as Greek 
sa lam is  were from d i f f e r e n t  manufacturers  who used t h e i r  
own v a r i a t i o n  o f  r e c ip e  and p ro cess in g .  Sample 29 which 
was an unsmoked dry and w e l l  matured I t a l i a n  salami might 
aga in  serve  as a contro l  i n d i c a t in g  the e f f e c t  o f  smoking 
on the formation of B-CCA in t h i s  type o f  products (F ig .
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FIGURE 5.8 HPLC chromatograii of: (a) A ten tines diluted purified extract (optimised method I) of 
iOOg of snoked cooked mackerel (sample 30). (b) Tbe sane diluted purified extract spiked with 0.2 
pg/ml H0MH&C3C0GH and 0.4 pg/ml CH3THBC3COOH. Peaks: 1. I.S.; 2, HOCHsTH8C3COOH; 3,
THBC3C00H; 4, CH3THBC3C00H. Chromatographic conditions, I.S. concentration, as in Fig. 5.1.
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FIGURE 5.9 HPLC chromatogram of: (a] A five tines diluted purified extract (optimised method I) of 
lOOg of smoked raw haddock (sample 31). (b) The same diluted purified extract spiked with 0.3 
gg/nl H0MBC3C00H and 0.4 pg/ml CH3THBC3COOH. Peaks: 1, I.S.: 2. HOCH3THBC3COOH; 3, THBC3C00H: 
4, CH3THBC3C00H. Chromatographic conditions, I.S. concentration, as in Fig. 5.1.
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FIGURE 5.10 HPLC chromatograms of purified extracts (optimised method II) of two smoked 
pasteurised comminuted meat products: (a) 50g of smoked Bern type salami (sample 17). (b) 50g of 
unsmoked semi-dried salami (sample 18). Peaks: 1, I.S.; 3, TH8C3CQOH: x3, unidentified peek; 4, 
CH3TH8C3C00H. Chromatographic conditions, I.S. concentration, as in Fig. 5.1.
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FIGURE 5.11 HPLC chromatograms of: (a) A purified extract (optimised method II) of lOg of German 
smoked dry salami (sample 28): peaks: 1. I.S.; 2, H0CH2THBC3CQ0H; 3, THBC3C00H; 4, CH3THBC3C00H; 
(b) A purified extract (optimised method II) of 50g of Greek smoked semi-dry salami (sample 20); 
peaks: 1, I.S.; 2, H0CH3TH8C3C00H; 3, THBC3C0QH; 4, region where CH3TH8C3C00H should emerge if 
present. Chromatographic conditions, I.S. concentration, as in Fig. 5.1.
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with  a f luo re scence  and a UV d e te c to r .  The r a t i o  of the 
peak a reas  o f  TH8C3COOH on the two chromatograms was
est imated  as f o l l o w s :  sample 21. 15.2:  sample 22, 14.9,
sample 23. 15.3; sample 27, 15.8 ; sample 28. 15.5. These 
v a lu e s  were cons idered  to be the same w i th in  instrumental  
e r r o r  and con s is t en t  w ith  the r a t i o  15.3 obta ined
s i m i l a r l y  from a TH8C3COOH standard  s o lu t io n .
In some samples o f  fermented or p a s te u r i s e d  products  
i t  was thought that  SalTH8C3COOH or  PheTH6C3COOH may be 
present  (Tab les  5 .2 ,  5 .4 .  5 .5 )  on the b a s i s  o f  t h e i r
f l u o r i m e t r i c  d e te c t io n .  However, because o f  the f a i r l y  
low concentrat ions  i t  was not p o s s i b l e  to  confirm t h i s  by 
us ing  UV de tec t ion .
From t a b le s  5 .1 -5 .5  c o n s id e r a b le  v a r i a t i o n s  o f  8-CCA 
content are apparent not on ly  from one group o f  products  
to another but a l s o  among the products  o f  the same group.  
Some o f  th i s  f l u c t u a t i o n  no doubt r e f l e c t s  v a r i a t i o n  in 
in g re d ie n t s ,  r e c ip e  and method o f  p roce s s in g  that  i t  i s  
not p o s s ib l e  to d e f in e  r e t r o s p e c t i v e l y .  More obvious  
f a c t o r s  a f f e c t i n g  the co n cen t ra t io n s  o f  8-CCA could be 
summarised as f o l l o w s .
A. Within one type o f  product (w ith  the except ion  o f  
sample 16) g r e a t e r  concen tra t ions  o f  8-CCA are  a s soc ia ted  
with  lower pH v a lu e s .  G rea te r  y i e l d s  dur ing  chemical  
sy n th e s is  (Chapter 2) were a l s o  noted at lower pH v a lu es .  
Lower pH va lues  in the samples may a r i s e  due to extended  
fermentation  or maturat ion  p e r iod s ,  extended or more 
in tense  smoking, the in c o rp o r a t i o n  o f  a c id u la n t s  ( g lucono -
5 . 1 3 ( b ) ) .  S a m p l e s  2 1 .  2 2 .  2 3 ,  2 7 ,  28  w e r e  a n a l y s e d  b o t h
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B. Comparison o f  samples 8 w ith  12. and 21 with  28 
sugges ts  that B-CCA contents  are g r e a t e r  in h e a v i l y  smoked 
samples compared to l i g h t l y  smoked ones of  s im i l a r  pH 
v a l u e .
C. Comparison of the th ree  months matured unsmoked sample 
29 (pH 6.5)  w ith  the short  fermentation p e r iod  (a few  
days)  unsmoked sample 18 (pH 5.99)  sugges ts  that  B-CCA 
l e v e l s  increase  w ith  inc reased  maturation time. B es ides ,  
smoked fermented products  have h igher  B-CCA content then  
smoked cured meats which invo lve  l i t t l e  or no maturat ion  
step  in t h e i r  p roduct ion .
d e l t a - l a c t o n e )  o r  s o m e  c o m b i n a t i o n  o f  t h e s e  f a c t o r s .
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FIGURE 5.12 HPLC chromatogram of a purified extract (optimised method II) of lOg of Greek heavily 
smoked salami (sample 21)(b); (b) The same extract spiked with H0CH2TH8C3C00H and CH3THBC3C00H. 
Peaks: 1, I.S.; 2, H0CH2THBC3C00H; 3, THBC3C00H; 4, CHsTHBCSCOOH. Chromatographic conditions, I.S. 
concentration as in Fig. 5.1.
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FIGURE 5.13 HPLC chronatograns of: (a) A five tines diluted purified extract (optinised method I) 
of lOOg of Greek snoked dry salani (sample 24). (b) A purified extract (optinised method II) of 
50g of unsmoked Italian dry salani (sample 29). Peaks: 1, I.S.; 2, H0CH3THBC3C00H; 3, TH&C3C00H; 
4, CHsTHBC3C00H. Chromatographic conditions, I.S. concentration, as in Fig. 5.1.
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FIGURE 5.14 HPLC chromatogran of: (a) A purified extract (optimised method II) of lOg of Greek 
smoked dry salami (sample 22) using fluorescence detection, lb) A purified extract (optimised 
method II) of 50g of the same sample using UV detection. Peaks: 1, I.S.; 2, H0CH2TH8C3C00H; 3. 
THBC3C00H; 4, CH3THBC3COOH. Chromatographic conditions: Column, 5pn 0DS1 Spherisorb, 25cm x 5mm 
i.d.i gradient elution system. 10-35% CH3CN in 0.5% v/v HCOOH for 40 min. + 15 min. isocratic 
deley to reset: flow rate, 1.5 ml/min.: fluorescence detector, Lex 270nm, lem 350nm; UV detector, 
\ 270nm. I.S. concentration, 2.54 pg/ml.
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FIGURE 5.15 HPLC chromatogram of: (a) A purified extract {optimised method II) of lOg of Greek 
smoked dry salami (sample 23) using fluorescence detection, (b) A purified extract (optimised 
method II) of 50g of the same sample using UV detection. Peaks: 1, I.S.; 2. TH&C3C00H; 4, 
CH3THBC3C00H. Chromatographic conditions, I.S. concentration, as in Fig. 5.14.
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CHAPTER 6
MUTAGENICITY OF TETRAHYDRO—6-CARBOLINOCARBOXYLIC ACIDS
6.1 INTRODUCTION
Many s tu d ie s  c a r r i e d  out over  the l a s t  decade, showed 
that  some 8 - c e r b o l in e s  ere mutagenic a f t e r  n i t r i t e  
t reatment.  Wakabayashi et  a l . ,  (1983) a t t r i b u t e d  16-61% o f  
the m utagen ic i ty  o f  v a r io u s  n i t r i t e  t r e a t e d  t r a d i t i o n a l  
Japanese soy sauces to  the presence o f  n i t r o s a t e d  
CH3THBC3C00H in them. The same workers demonstrated that
f o l l o w in g  treatment w ith  n i t r i t e  under a c i d i c  cond it ions
(pH 3 ) ,  s y n th e t ic  ( - ) - ( l S , 3 S )  CH3THBC3C00H and i t s  ( - ) -
( IR ,  3S) isomer gave r i s e  to a p o s i t i v e  mutagenic response  
in Sa lmonel la  typhimurium s t a i n  TA-100 in the absence o f  
m etabo l ic  a c t i v a t i o n .  These mutagenic e f f e c t s  which were  
reduced by the a d d i t io n  o f  an a c t i v a t i o n  system, were not 
due to  2N -n it ro so -CH 3THBC3C00H the major n i t r o s a t i o n  
r e a c t i o n  product,  but to  a minor, u n id e n t i f i e d  product  
whose s p e c i f i c  a c t i v i t y  must be very  h igh .  The d i r e c t  
mutagenic a c t i v i t y  o f  n i t r i t e - t r e a t e d  CH3THBC3C00H in TA-  
97, TA-100 end to a l e s s e r  extent TA-98 Sa lmonel la  s t r a in s  
was f u r t h e r  confirmed by o ther  r e se a rc h e r s  (Och ia i  et a l . ,  
1986; L in  & Tung, 1985). L in  et e l . ,  (1986) repo r ted  that  
n i t r i t e - t r e a t e d  THBC3C00H was more mutagenic than n i t r i t e  
t r e a t e d  CH3THBC3C00H to TA-98 and TA-100 b a c t e r i a l  
s t r a i n s .  Other B -c a r b o l in e  d e r i v a t i v e s  such as
CH3DHBC3C00H, [ 2-Fury11THBC3C00H both (IR,  3 S ) , ( IS ,  3S)
-  1 7 4  -
s te reo isom ers  and [5-hydroxymethy1- 2 - F u r y 1JTHBC3C00H both  
( IR ,  33 ) ,  ( I S ,  3S) s te reo isom ers  ( i s o l a t e d  from a browning  
mixture  o f  carbohydrates  and L - t r y p t o p h a n ) , 7-MeO-CH3DHBC, 
( - ) - ( I S ,33) 2N-methy1-CH3THBC3C00H and TH8C, a f t e r  n i t r i t e  
treatment,  were a l s o  mutagenic towards TA-100 and TA-98 
s t r a i n s  (Kinae et a l . ,  1986; Ochia i  et a l . ,  1986).
In v iew o f  the f a c i l i t y  o f  t h e i r  formation,  i t  i s  
p robab le  that  n i t r o s a t e d  B -c a r b o l in e s  occur in f a i r l y  a c id  
f o o d s t u f f s  conta in ing  h igh  concentra t ions  o f  B-CCA and 
added n i t r i t e s  such as some smoked hea t -p ro ce s se d  meat 
p roducts ,  smoked dry sa lam is  e tc .  Furthermore, n i t r o s a t e d  
B -c a rb o l in e s  may a l s o  be formed endogenously  in the a c i d i c  
con d i t ion s  o f  the stomach from t h e i r  p recu rso rs  ( F r i t s c h ,  
1985), which are  e i t h e r  taken exogenously  from v a r io u s  
d i e t a r y  or o ther  sources  o r  formed in v iv o  ( s e c t io n s  
1 . 5 . 2 . ,  1 . 5 . 3 . ) .  C on s ide r in g  the p r e v io u s ly  pub l i shed
l i t e r a t u r e ,  i t  i s  l i k e l y  that  n i t r o s a t e d  B -c a r b o l in e s  may 
p lay  a r o l e  in the a e t i o l o g y  of  human g a s t r i c  and 
i n t e s t i n a l  cancer.
CH38C, BC, 7-MeO-CH3DHB C , THBC and CH3THBC3C00H 
without  n i t r i t e  treatment are  not mutagenic to Sa lmonella  
typhimurium (Ochia i  et  a l . ,  1986). Since l i t t l e  
in fo rm at ion  e x i s t s  on the mutagenic e f f e c t  o f  the B-CCA 
syn th es ised  f o r  use in t h i s  in v e s t i g a t i o n ,  i t  was dec ided  
to eva lua te  t h e i r  mutagenic p o t e n t i a l .  I t  was a l s o  
cons idered  pe r t inen t  to  t e s t  the mutagen ic ity  o f  e x t r a c t s  
d e r iv ed  from three  samples o f  dry  sa lam is  which contained  
high concentra t ions  o f  B-CCA (Chapter 5 ) ,  and added 
n i t r i t e s .  D i re c t  mutagenic a c t i v i t y  towards s t r a i n  TA-100
-  175  -
would suggest  the presence o f  n i t r o s a t e d  B-CCA 
d e r i v a t i v e s .  a lthough the presence o f  other mutagenic  
products  cannot be exc luded .
6 -1 .2  The Ames t e s t
B-CCA m utagen ic i ty  assays  were c a r r i e d  out u s ing  the 
Ames t e s t ,  a b a c t e r i a l  r e v e r se  mutation assay  employing  
s e v e r a l  s t r a in s  of  Sa lmonel la  tvphimurium. Each s t r a i n  
c a r r i e s  a d i f f e r e n t  type o f  mutation in the operon coding  
f o r  h i s t i d i n e  b io s y n th e s i s  p revent ing  them sy n th e s i s in g  i t  
from inorgan ic  sources  o f  n i t ro gen .  As a r e s u l t ,  these  
b a c t e r i a  can not grow and d iv id e  in minimal ( in o r g a n ic  
s a l t s )  medium supplemented w ith  a carbon source such as 
g lu co se  in the absence o f  h i s t i d i n e  supplementat ion.  When 
t r e a t e d  w ith  a mutagenic compound in the presence o f  an 
o x id a t i v e  enzyme system (S9) m e tab o l i s in g  f o r e i g n  
compounds to  in te rm ed ia te s  capab le  of  r e a c t in g  w ith  DNA, 
the b a c t e r i a  may undergo a second mutation which re v e r s e s  
or  suppresses  the e f f e c t  o f  the p r e - e x i s t i n g  one. S9 
f r a c t i o n  i s  a po s t -m itoch on d r ia l  supernatant prepared  from 
the l i v e r s  o f  r a t s  whose m etabo l ic  a c t i v i t y  has been
enhanced by treatment w ith  a potent inducer o f  d ru g -
m e ta b o l i s in g  enzymes such as A ro c lo r  1254, a mixture o f
p o ly c h lo r in a te d  b ip h en y ls .
B a c t e r i a ,  t e s t  compound end S9 f r a c t i o n  f o r t i f i e d  
with  an NADPH-genereting system are  added to molten d i l u t e  
aga r  which i s  then mixed and poured on the su r face  o f
minimal agar  p l a t e s  con ta in ing  g lu co se .  S im i l a r  assays
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without  S9 are inc luded  to a l l o w  f o r  d e tec t io n  o f  d i r e c t -  
a c t in g  t e s t  compounds whose m utagen ic i ty  may be decreased  
or  a b o l i s h e d  by metabolism. During incubat ion  at 37°C 
only  those c e l l s  which sus ta ined  mutations that  re ve rsed  
the e x i s t i n g  h i s t i d i n e  mutation w i l l  grow to form v i s i b l e  
c o lo n ie s  ( h i s +  r e v e r t a n t s ) , each colony o r i g i n a t i n g  from a 
s i n g l e  r e v e r t a n t  bacterium. A concentra t ion  dependent 
in c rea se  in r e v e r t a n t  c o lo n ie s  over the spontaneous  
r e v e r s i o n  r a t e  in d ic a te s  a p o s i t i v e  mutagenic response  
(V e n i t t  et  a l . ,  1984).
6-2 MATERIALS
L -H i s t i d i n e ,  b i o t i n ,  9 -am in oa c r id in e , MNNG (N -m ethy l -  
N - n i t r o - N - n i t r o s o g u a n i d i n e ) , 2 -anthram ine , a m p i c i l l i n ,  
g lu co se -6 -p h o sp h a te  (Sigma Chemical Co. L t d . ,  Poo le ,  
D o r s e t ) ;  DMSO (BDH Chemical L t d . ,  Poo le ,  D o r s e t ) ;  c r y s t a l  
v i o l e t ,  2 -n i t r o f l u o r e n e  (A ld r i c h  Chemical Co. L t d . ,  
G i l l ingham ,  D o r s e t ) ;  A ro c lo r  1254 (Robens I n s t i t u t e  o f  
Hea lth  & S a fe ty ,  G u i ld fo r d ,  Su rrey )  were a l l  purchased.
THBC3C00H, H0CH2THBC3C00H, CH3TH8C3C00H, PheTHBC3C00H 
SalTHBC3C00H were syn thes ised  and c h a r a c t e r i s e d  as 
d e s c r ib e d  in Chapter 2.
P l a s t i c  d i s p o s a b le  tubes ( S t e r i l i n .  Teddington,  
M id d le s e x ) ,  Laborato ry  M aga r  (London A n a ly t i c a l  & 
B a c t e r i o l o g i c a l  Media L t d . ,  S a l f o r d .  Lancs) and Vogel  
Bonner E p l a t e s  (G ibco,  P a i s l e y ,  Scot land )  were r o u t in e ly  
used in the Ames t e s t .  Oxoid No. 2 n u t r ien t  b ro th  (Oxoid  
L t d . ,  Bas ingstoke ,  Hemts. )  was used f o r  c u l t u r in g  and
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d i l u t i n g  the Sa lmonel la  typhimurium s t r a in s  which were  
a l l  generous g i f t s  from P r o f e s s o r  B.N. Ames (Berke ley .  
USA) .
N u t r ien t  broth  s o lu t i o n s  were prepared  by d i s s o l v in g  
25g of oxoid No. 2 n u t r ien t  b roth  in 1 l i t r e  o f  d i s t i l l e d  
w ate r .  They were s t e r i l i s e d  by au toc lav in g  at 121°C f o r  
20 min. and then s to red  at  4°C.
Agar s o lu t io n s  were p repared  by d i s s o l v i n g  0 . 6g o f  
a ga r  and 0.5g o f  NaCl per 100ml o f  d i s t i l l e d  water and 
were s t e r i l i s e d  by au to c la v in g  at 121°C f o r  20 min.
A low concentra t ion  h i s t i d i n e  s o lu t io n  conta in ing  0.5 
mM o f  h i s t i d i n e  and 0.5 mM o f  b i o t i n  was prepared in  
s t e r i l e  water .  A l i q u o t s  o f  t h i s  s o lu t io n  (10ml) were 
added to  100ml o f  agar  s o lu t i o n  which was then used in  
Ames t e s t  (top a g a r ) . A h igh  concentra t ion  h i s t i d in e  
s o lu t i o n  conta in ing  0 . 1M o f  h i s t i d i n e  end 0.5 mM of b i o t i n  
was prepared in s t e r i l e  water .  A l i q u o t s  o f  t h i s  s o lu t io n  
(5ml) were added to  100ml o f  a ga r  s o lu t io n  which was then 
used f o r  checking the behav iour  o f  b a c t e r i a l  t e s t  s t r a in s .
6 .3 .  METHODS
The mutagen ic ity  essays  were c a r r i e d  out e s s e n t i a l l y  
as d esc r ib ed  by Maron & Ames (1983) .
6 .3 .1 .  The b a c t e r i a l  t e s t  s t r a i n
Three d i f f e r e n t  s t r a i n s  o f  Sa lmonel la  typhimurium, 
TA-97, TA-98 (d e tec t  f r am esh i f t  mutants) and TA-100
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( d e t e c t s  mutagens caus ing  b e s e - p a i r  s u b s t i t u t i o n s )  were 
employed. In a d d i t i o n  to the h i s t i d i n e  mutations ( s e c t io n
6 .1 .2 )  the s t r a i n s  c a r ry  a d d i t i o n a l  mutations which 
g r e a t l y  in c rease  t h e i r  s u s c e p t i b i l i t y  to mutagens. Such
mutations a re :  a) I n a b i l i t y  to syn the s ise  the
1ip op o ly sa cch a r id e  c e l l  w a l l  (deep rough r f a  mutation)  
which in c rea se s  the p e rm e a b i l i t y  of the c e l l  w a l l  to la rge  
m olecu les .  b) Loss o f  e x c i s io n  r e p a i r  (uvrB mutation)  and 
th e r e f o r e  i n a b i l i t y  to  e x c i s e  DNA adducts,  which in c rea se s  
t h e i r  s e n s i t i v i t y  to the e f f e c t s  o f  a wide v a r i e t y  o f  
mutagens. Moreover,  the in t ro d uc t ion  o f  the pkM 101 
plasmid  con fe rs  both a m p i c i l l i n  r e s i s t a n c e  and an e r r o r -  
prone r e p a i r  system to the b a c t e r i a  ren de r in g  them more 
m u ta b le .
The s t r a i n s  were s to re d  as permanent f rozen  c u l tu re s  
mainta ined  at -80°C  us ing  DMSO as a c r y o p re s e rv a t iv e  (0.8% 
v / v ) . When t e s t  s t r a i n  TA-98 was chosen f o r  Ames t e s t in g ,  
master  p l a t e s  were prepared  as f o l l o w s :  N u t r ien t  broth
(5ml) con ta in ing  a m p i c i l l i n  (25 pg/ml) was in ocu la ted  w ith  
TA-98 taken from the f rozen  permanent s tock .  The cu l tu re  
was incubated ove rn igh t  (15 h) at  37°C in a shaking  
w ate rba th .  The ove rn igh t  c u l tu re  was s t reaked  out on the
s u r f a c e  o f  a Vogel Bonner E p l a t e  enr iched  w ith  0.1 ml o f
a s o lu t i o n  conta in ing  0 . 1M h i s t i d i n e  and 0 . 5mM b i o t i n ,  in 
o rd e r  to ach ieve  s i n g l e  c o lo n ie s .  A f t e r  incubat ion  at  
37°C f o r  24 h the p l a t e  was s to red  at 4°C f o r  no longer  
then three  weeks.
Overnight c u l t u r e s  were prepared by in o c u la t in g  5ml 
of n u t r i en t  b ro th  con ta in ing  25 pg/ml a m p ic i l l i n  w ith  the
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SaImonella  s t r a in  to be used. TA-98 s t r a i n  was taken from 
the master p la t e  ( s i n g l e  c o lo n ie s )  whereas TA-100 and TA-  
97 s t r a i n s  were taken d i r e c t l y  from the f rozen  permanent 
stock .  The c u l tu re s  were incubated  overn igh t  at 37°C in a 
shaking waterbath .
6 . 3 . 2 .  Checking out t e s t e r  s t r a in s
The fo l l o w in g  t e s t s  were c a r r i e d  out in t r i p l i c a t e  in  
o rd e r  to ensure that  the b a c t e r i a l  c u l tu re s  s t i l l  r e ta in ed  
a l l  t h e i r  mutation c h a r a c t e r i s t i c s .
A. H i s t i d in e  requ irement :  0.1 ml o f  a s o lu t io n  conta in ing  
L - h i s t i d i n e  (0.1M) and b i o t i n  (O.SmM) was spread  on the  
s u r f a c e  o f  Vogel Bonner E p l a t e s ,  a l lowed  to dry and 
subsequent ly  s t reaked  w ith  the ove rn igh t  c u l t u re .  P l a t e s  
w ith  no h i s t i d i n e  and b i o t i n  were t r e a t e d  in the seme way. 
The p l a t e s  were incubated  at 3 7 °C f o r  24 h and were 
examined f o r  growth in the presence and absence of  
h i s t i d i n e  to  ensure the h i s t i d i n e  requirement o f  the 
b a c t e r i a .
B. C ry s ta l  v i o l e t  t e s t  (Check f o r  the presence o f  r f a  
m uta t ion ) :  To 2.0ml o f  agar  s o lu t io n  enr iched  with  L -  
h i s t i d i n e  and b i o t i n  ( s e c t i o n  6 . 2 ) ,  0.1ml o f  the b a c t e r i a l  
overn igh t  cu l tu re  was added, mixed and immediately poured  
onto Vogel Bonner E p l a t e s .  A f t e r  the s o l i d i f i c a t i o n  of  
the aga r ,  a s t e r i l e  f i l t e r  paper d i s c  conta in ing  lOOpl of  
a c r y s t a l  v i o l e t  s o lu t i o n  (1 mg/ml) was p laced  in the 
middle and the p l a t e s  were incubated  f o r  24h at 37°C. 
Presence o f  a c l e a r  zone o f  i n h i b i t i o n  o f  b a c t e r i a l  growth
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around the d i s c  would in d ic a te  the presence of  the deep 
rough mutation.
C. Presence o f  a m p i c i l l i n  r e s i s t a n c e  R f a c t o r :  The 
p rev iou s  t e s t  was repea ted  but the f i l t e r  paper d i s c s  
conta ined  lOOpl o f  an a m p i c i l l i n  s o lu t io n  (8 mg/ml in 0.02 
N NaOH) in stead  o f  the c r y s t a l  v i o l e t .  The p l a t e s  were 
incubated  once aga in  at 37°C f o r  24h and the b a c t e r i a l  
growth examined to ensure the absence o f  c l e a r  i n h i b i t i o n  
zone around the d i s c  and t h e r e f o r e ,  confirm t h e i r  
r e s i s t a n c e  to  a m p ic i l l i n .
D. Test  f o r  b a c t e r i a l  v i a b i l i t y :  A s e r i a l  d i l u t i o n  o f  the 
b a c t e r i a l  overn igh t  c u l tu re  was c a r r i e d  out in nu tr ien t  
bro th  to  a f i n a l  d i l u t i o n  o f  1 in 10s as f o l l o w s :  0.1ml o f  
the b a c t e r i a l  c u l tu re  was added to  10ml o f  n u t r i en t  broth  
and mixed ; 0.1ml o f  the d i l u t e d  c u l tu re  was t r a n s f e r r e d  
to  10ml o f  n u t r ien t  b ro th  and mixed ; a s im i l a r  d i l u t i o n  
was c a r r i e d  out once more. A f t e r  mixing , O.'lml of  the 
f i n a l  d i l u t i o n  was t r a n s f e r r e d  in to  a tube conta in ing  
2.0ml o f  aga r  s o lu t io n  ( s e c t i o n  6 .2 )  enr iched  w ith  L -  
h i s t i d i n e  and b i o t i n .  The contents  were mixed and poured 
onto a Vogel Bonner T p l a t e  which, a f t e r  the  
s o l i d i f i c a t i o n  o f  aga r ,  was incubated  at 37°C f o r  24 h. 
The number o f  b a c t e r i a l  c o lo n ie s  was counted.
6. 3 . 3 .  P r e p a ra t io n  o f  S9 a c t i v a t i o n  system
A 200 mg/ml s o lu t io n  o f  A ro c lo r  1254 in corn o i l  was 
used to  enhance the m etabo l ic  a c t i v i t y  o f  r a t  l i v e r  S 9 . 
Male W is t a r  a l b in o  r a t s ,  housed at the U n iv e r s i t y  o f
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Surrey  and weighing 150-200 g r e c e iv e d  a s in g l e  i . p .  
i n j e c t i o n  o f  A roc lo r  1254 (500 m g/kg ) . The animals were 
k i l l e d  on the f i f t h  day f o l l o w in g  treatment.  The ir  l i v e r s  
were e s e p t i c a l l y  removed and the hepat ic  p o s t -  
m itochondria l  (9,000 X g)  supernatant (S9 f r a c t i o n )  was 
prepared  as p re v io u s ly  d e s c r i b e d  ( Ioann ides  & Parke,  
1975). A l iquo ts  o f  S9 (2ml) were p laced  into  s t e r i l e  
ampoules and s to red  at -20 °C  u n t i l  r e q u i r e d .  The S9 
mixture  was never s to re d  f o r  pe r iods  longer  than three  
months. On the day o f  experiment the r e q u i r e d  S9 f r a c t i o n  
was s lo w ly  thawed on ice  ju s t  b e fo re  use and a 10% 
a c t i v a t i o n  system was prepared  as shown below;
0.20 M sodium phosphate b u f f e r  pH 7 .4  50 %
C o fac to r  s o lu t i o n 18 20 %
0.33 M KC1 10 %
0.08 M MgCl2 10 %
S9 f r a c t i o n  10 %
* C o fac to r  s o lu t io n  conta ined  20 pmoles/ml NADP and 25 
pmoles/ml G lucose -6 -phosphate .
6 . 3 . 4  Mutagen ic ity  assays______ emp 1 oyina______the p la t e
in co rpora t ion  method
Top agar  s o lu t io n  con ta in ing  t r a c e s  of L -h i s t i d in e  
and b i o t i n  ( s e c t io n  6. 2)  was p repared .  On the day o f  the 
assay ,  top agar  (2 ml/tube)  was added into  13mm x 100mm 
capped s t e r i l e  cu l tu re  tubes and maintained at 45°C. To 
the mixture ,  0.1ml o f  a f r e sh  ove rn igh t  cu l tu re  of the
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t e s t  s t r a in ,  0.1ml s o lu t i o n  o f  the te s t  mutagen In DMSO 
end 0.5ml of the S9 a c t i v a t i o n  system or 0.5ml o f  s t e r i l e  
0 . 2M phosphate b u f f e r  were added. The tube contents were  
mixed and immediately poured onto Vogel Bonner E p l a t e s .  
Fo l low in g  s e t t in g  o f  the aga r ,  the p la t e s  were incubated  
f o r  48 h et 37°C. The r e v e r t a n t  co lon ies  were counted  
u s ing  an Anderman colony counter .
6 . 3 . 5 .  Spontaneous r e v e r s i o n  r a t e s
The spontaneous r e v e r s i o n  ra t e  of  the s t r a in s  
employed was checked d u r ing  each Ames t e s t  by r e p l a c in g  
the mutagen s o lu t io n  w ith  0.1ml o f  DMSO only.
6 . 3 . 6 .  P o s i t i v e  c o n t ro l s
The a b i l i t y  o f  o ve rn igh t  c u l tu re s  o f  the Sa lmonel la  
t e s t  s t r a in s  to undergo r e v e r s i o n  in the presence o f  
mutagens was checked dur ing  each assay by s u b s t i t u t in g  
DMSO s o lu t io n s  o f  s t ron g  mutagens f o r  the t e s t  compound
so lu t i o n .  The mutagens used f o r  each s t r a in  are shown in
T ab le  6. 1.
6 . 3 . 7 .  T o x ic i t y  t e s t s
P re l im in ary  Ames t e s t s  c a r r i e d  out in the course o f  
t h i s  in v e s t i g a t i o n  in d ic a te d  that  some B-CCA might be
t o x i c  to the Salmone11 a s t r a i n s .  I t  was dec ided  that  in
o r d e r  t o  o b t a i n  r e l i a b l e  r e s u l t s ,  f u r t h e r  t o x i c i t y  t e s t s
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TABLE 6.1
Mutagens used as p o s i t i v e  con tro ls  with the Ames t e s t .
A c t i v a t io n  B a c te r ia l  Compound Concentration/
system s t r a in  /P late
S9 TA-100 2-Anthremine 5 og
S9 TA-98 2-Anthremine 5 pg
S9 TA-97 2-Anthramine 5 pg
Phosphate b u f fe r TA-100 MNNG <1> 2 Mg
Phosphate b u f fe r TA-98 2 -N i t ro f lu o ren e 2 Mg
Phosphate b u f fe r TA-97 9-Aminoecridine 50 Mg
Note: (1) MNNG : N-methyl -N -n i t r o -N -n i t r o s o g u a n id in e .
should be ca r r ied out to determine the h ighest non-- t o x i c
concentrat ion  o f  each ind iv idua l  compound. By s e r i a l  
d i l u t i o n  o f B-CCA stock so lu t ions  in DMSO, four so lu t ions  
conta in ing  10 mg/ml, 1 mg/ml, 100 pg/ml end 10 pg/ml were 
prepared f o r  each compound. These so lu t ions  were te s ted  
f o r  t o x i c i t y  by t r a n s f e r r in g  0.1ml o f  them in to  tubes 
which contained 2m1 o f  agar conta in ing high concentrat ion  
h i s t i d i n e - b i o t i n  so lu t ion  (s e c t io n  6 . 2 . ) .  Subsequently
0.1ml o f a 1 in 10s d i lu t i o n  o f  b a c t e r ia l  overn ight  
cu l tu res  ( s e c t io n  6 .3 .2 . .  v i a b i l i t y  t e s t s )  o f  Salmone1 la 
s t ra in s  was a lso  added to  the tubes and a f t e r  mixing the 
contents were poured onto Vogel Bonner E p la te s  and 
incubated et  37°C fo r  24 h. The in h ib i t i o n  o f  b a c t e r ia l  
growth was est imated by comparing the number o f  co lon ies
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developed on each p la te  w ith  the number obtained fo r  the 
same s t r a in  during i t s  v i a b i l i t y  t e s t  i . e .  in the absence 
o f  the t e s t  compound.
6 .3 .8 .  E x trac t ion  o f  the food mater ia l  and preparat ion  f o r  
the Ames t e s t
Three smoked dry salamis made in Greece (samples 21,
22, 23 o f  s e c t ion  5.1 )  were s e l e c t ed  to  be t e s ted  f o r
m utagen ic i ty .  The samples were ex trac ted  and p u r i f i e d  
fo l l o w in g  the r e v i s e d  method o f  s ec t ion  4 .4 .3  
(m od i f i ca t ion s  1-4) and the f r e e z e - d r i e d  column e luate
res idues  were s to red  at -4 0 °C u n t i l  t e s t ed .  These were 
u n l ik e ly  to  contain  any f r e e  h i s t i d in e  from the sample
because in a separate  experiment i t  was shown that XAD-4 
column does not r e t a in  h i s t i d in e  under the adsorption 
c y c le  cond it ions  o f  opt imised method I I .  Each f r e e z e -  
d r ied  res idue was d is s o lv e d  in 3ml DMSO instead o f  6% KOH 
(4 .4 .3 )  and t e s ted  f o r  mutagen ic ity  by the p la te
incorpora t ion  method. One ml o f  these so lu t ions
corresponded to  ^16.7g o f  the i n i t i a l  sample. A d i lu t i o n  
(1:50) in DMSO o f  each so lu t io n  was ca r r ied  out and the 
r e s u l t in g  new so lu t ion s  were a lso  submitted to  the Ames 
t e s t  using the p la te  in corpora t ion  method. The s t ra ins  
employed were TA-97, TA-98 and TA-100.
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6.4. RESULTS AND DISCUSSION
6.4 .1  Checking t e s t  s t ra in s
A. H is t id in e  requirement: TA-100, TA-98 and TA-97 
s t r a in  co lon ies  developed only on the surface o f  p la tes  
spread with the high concentrat ion  h i s t i d in e  and b i o t in  
s o lu t io n ,  conf irming t h e i r  i n a b i l i t y  to  synthes ise  
h i s t i d in e  from inorgan ic  sources o f  n i t rogen .
B. Crysta l  v i o l e t  t e s t :  A l l  p la tes  inocu lated  with  
overn igh t  cu ltures  o f  s t ra in s  TA-98, TA-97, TA-100
presented a c l e a r  zone o f  i n h ib i t i o n  o f  b a c t e r ia l  growth 
around the c r y s ta l  v i o l e t  d isc  conf irming the presence o f  
r f a  mutation in these s t ra in s .
C. A m p ic i l l in  r e s is ta n ce  R f a c t o r :  Absence o f
in h ib i t i o n  zones around the a m p ic i l l in  d isc  o f  a l l  the 
p la t e s  inocu lated  w ith  TA-98, TA-97 and TA-100 confirmed
the r e s is ta n ce  o f  these s t ra in s  to  a m p ic i l l in  and the 
presence o f  the plasmid.
D. V i a b i l i t y  t e s t s :  The number o f  b a c t e r ia l  co lon ies  
obtained from the v i a b i l i t y  t e s t s  were 111±6 f o r  s t ra in  
TA-98 and 158±14 f o r  s t r a in  TA-100. These values were 
considered to  l i e  w i th in  the expected range.
6 .4 .2 .  T o x i c i t y  and mutagen ic i ty  assays o f  B-CCA
The r e s u l t s  obtained from the t o x i c i t y  t e s t s  o f  B-CCA 
in TA-98 and TA-100 s t ra in s  are g iven  in Tables 6.2 and 
6.3.
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TABLE 6.2
Toxicity of Tetrahydro-8-carbolinocarboxylic acids towards Salnonella TA-98 strain.
B-CCA concentration 
per plate
number of colonies oer olate(1)
HOCH2TH8C3COOH TH8C3COOH CH3THBC3C00H PheTH8C3COOH Sa 1THBC3C00H
- 164 t 11 164 t 11 164 t 11 164 t 11 164 t 11
1 ag 69 i 24 0 160 t 13 133 t 4 153 i 12
100 pg 145 ± 6 151 i 6 140 t 22 147 i 5 153 t 3
10 pg 136 t 5 109 i 49 167 ± 26 140 t 5 145 t 5
1 pg 145 i 4 143 t 3 156 t 13 151 t 3 139 ± 8
Note: (1) Results are presented as mean ± S.D. for four plates.
From tab les  6.2 and 6.3 i t  is  obvious that  TH8C3COOH 
and H0CHsTHBC3C00H at concentrat ions  h igher than 100 pg/ 
p la t e  are t o x i c  to  both Salmonella s t ra in s .  PheTHBC3C00H 
is  a lso  s l i g h t l y  t o x i c  at t h i s  concentrat ion  towards TA- 
100 and TA-98 s t r a in .  There fo re ,  in order to  overcome 
th i s  problem i t  was dec ided that the maximum concentrat ion  
o f  each B-CCA should not exceed 100 pg/plate except f o r  
CH3TH8C3COOH which did  not show any t o x i c i t y  at a l l .
In a pre l im inary  assay, two concentrat ions o f  100 pg/ 
p la t e  and 10 pg/plate were used f o r  each t e s t  compound in 
the presence and absence o f  S9 a c t i v a t i o n  system in order 
to  spot any mutagenic response ( s i g n i f i c a n t  increase in 
the h i s t id in e  re v e r ta n ts  number per p la te  as compared to 
that o f  zero-dose p la t e s  i . e .  spontaneous r e ve rs ion  r a t e ) .  
I f  mutagenic ity were d e tec ted ,  a wider range o f
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TABLE 6.3
Toxicity of Tetrabydro-8-cdrbolinocarboxy!ic acids towards Salmonella TA-100 strain.
B-CCA concentration _______________number of colonies per plate<n
per plate HOCM18C3CQOH TUBC3C00H CH3TH8C3C00H PheTHBC3C00H 3alTHBC3C00H
- 210 ± 12 210 + 12 210 + 12 210 + 12 210 + 12
1 mg 4+3 0 203 + 31 170 t 5 202 + 5
100 pg 181 t 6 191 + 6 204 + 6 193 + 20 195 t 15
10 pg 180 + 1 175 t 11 198 + 7 195 + 2 190 + 6
1 pg 201 + 2 189 t 18 194 t 2 196 + 6 204 + 9
Note: (1) Results are presented as mean t S.D. for four plates.
concentrat ions  would subsequently be used under the same 
assay cond it ions  in order to  conf irm that that increase is  
concentra t ion  r e la t e d  and to  draw the dose-mutagenic 
response curve o f  the corresponding B-CCA. However, from 
Tab les  6.4, 6.5 end 6.6. i t  was obvious that the number o f  
h i s t i d i n e  r e ve r tan ts  f o r  the t e s t  compounds was as low as 
that  o f  spontaneous re v e r ta n ts .  There fo re ,  f o r  the 
concentrat ions  used in the t e s t  none o f  the B-CCA 
compounds was mutagenic in TA-97, TA-98 and TA-100 s t ra in s  
o f  Salmonella typhimurium. The p o ten t ia l  mutagen ic ity  o f  
the n i t r o s a t i o n  products o f  the above t e s t ed  B-CCA could 
form the o b j e c t i v e  o f  a fu r the r  in v e s t i g a t i o n  apply ing the 
Ames t e s t  on these products .
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6 .4 .3  Mutagen ic ity  o f  three e x t ra c ts  from smoked, dry 
fermented salamis
The r e su l ts  obtained from the pre l im inary 
m utagen ic i ty  t e s t s  o f  the dry salami ex t ra c ts  are shown in 
Tab le  6.7. Two o f  the samples (21, 22) showed s i g n i f i c a n t  
f ram esh i f t  mutagenic a c t i v i t y  towards s t r a in  TA-98. A 
more pronounced mutagenic response was observed in the 
p la t e s  supplemented w ith  S9 mixture in d ica t ing  that 
precarc inogens, r e qu ir in g  metabo l ic  a c t i v a t i o n  in order to  
express t h e i r  mutagen ic i ty ,  were present in both ex t ra c ts .  
Moreover, the marked increase  o f  h i s t i d in e  rever tan ts  
observed with the concentrated samples as compared with  
the d i lu t e d  ones suggested the presence o f  a concentrat ion 
dependent mutagenic response. Mutagenic response was a lso  
observed on p la tes  t r e a t e d  w ith  the concentrated sample 21 
in  the absence o f  S9 mixture, in d ic a t in g  the presence o f  
d i r e c t  a c t ing  mutagens in the e x t r a c t .
In th i s  study no mutagenic a c t i v i t y  was detec ted  with 
s t r a in  TA-100. Since previous s tud ies  have ind ica ted  that 
the d i r e c t  a c t in g  mutagen ic i ty  a r i s in g  from the 
n i t r o s a t i o n  o f CH3THBC3C00H and THBC3C00H is  more r e a d i l y  
d e tec ted  by s t ra in  TA-100 than TA-98, one may t e n ta t i v e l y  
conclude that such mutagens are not present in the salami 
e x t ra c t s  used in th i s  study. However, s ince  the structure  
o f  these d i r e c t  ac t ing  mutagens has not been e luc idated ,  
i t  i s  not poss ib le  to  assess whether or  not they would be 
e x t ra c ted  in aqueous ac id  and re ta in ed  on the XAD-4 re s in ,  
or  even whether they would be s ta b le  under the condit ions
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TABLE 6 .4
Mutagenic a c t i v i t y  o f  Te trahydro -B -carbo l inocarboxy1ic  
ac ids  towards s t r a in  TA-98.
Compound concentre-  number o f  h i s t i d in e  r e v e r ta n ts
t io n  ___________ per p l a t e * 17____________
(pg/p la te )  w ith  S9 without S9
DMSO — 29 + 5 25 ± 1
2-Anthramine 5 3,520 + 430
2 -N i t r o f lu o ren e 2 237 + 12
OHCH2THBC3COOH 100 33 i 4 22 ± 3
0HCH2THBC3C00H 10 29 it 5 25 + 3
THBC3C00H 100 39 it 10 24 ± 2
THBC3C00H 10 25 it 7 19 3
CH3THBC3COOH 1000 24 ± 1 10 + 3
CH3THBC3COOH 10 35 ± 3 20 ± 1
PheTHBC3C00H 100 33 it 4 25 ± 9
PheTH8C3COOH 10 27 ± 2 22 + 3
Sa1THBC3C00H 100 33 4 24 jh 3
Sa1THBC3C00H 10 27 it 7 20 3
Note: (1) Results ere presented as neen t S.D. tor three plates.
o f  e x t ra c t ion  employed in th i s  study.
Although these p re l im inary  stud ies  could not 
e s t a b l i s h  the presence o f  mutagenic n i t r o s a ted  B-CCA in 
dry salamis ( s e c t io n  6 .1 .1 ) ,  i t  would be adv isab le  that 
fu r th e r  more d e t a i l e d  in v e s t i g a t i o n  should be ca r r ied  out
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TABLE 6.5
Mutagenic a c t i v i t y  o f  Te t rahyd ro -B -ca rbo l inocarboxy l ic  
ac ids  towards s t r a in  TA-97.
Compound concentre-  number o f  h i s t i d in e  r e ve r tan ts
t io n  _____________ per p l a t e c l >___________
(pg/p la te )  w ith  S9 without S9
DMSO — 123 7 102 ± 15
2-Anthremine 5 641 ± 49
OHCH2THBC3COOH 100 144 i 18 113 + 4
0HCH2THBC3C00H 10 142 i 4 126 ± 6
THBC3C00H 100 157 ± 19 108 ± 2
THBC3C00H 10 150 ± 4 105 ± 12
CH3THBC3C00H 1000 144 ± 4 87 i 12
CH3THBC3C00H 10 127 i 17 99 i 19
PheTHBC3C00H 100 159 + 24 101 ± 14
PheTHBC3C00H 10 129 ± 8 119 i 12
Sa1THBC3C00H 100 162 i 11 99 + 3
Sa1THBC3C00H 10 120 i 8 137 i 15
Note: (1) Results are presented as mean i S.D. for three plates.
to eva luate  unequ ivoca l ly  the mutagen ic ity  o f  smoked dry 
salami samples i s o l a t e  and ch a rac te r is e  the mutagens so as 
to  assess poss ib le  hazards to  Greek consumers.
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TABLE 6.6
Mutagenic a c t i v i t y  o f  Te trahydro -B -carbo l inocarboxy1ic  
ac ids  towards TA-100 s t ra in .
Compound concentre-  number o f  h i s t i d in e  re ve r tan ts
t io n  ______________ per p l a t e (1)_________
(pg/p la te )  w ith  S9 without S9
DMSO — 119 + 11 134 + i i
2-Anthramine 5 2,540 362
MNNG 2 4,065 db 149
OHCH2THBC3COOH 100 122 + 13 125 i 9
0HCH2THBC3C00H 10 114 + 7 131 i 26
THBC3C00H 100 104 + 10 135 + 6
THBC3COOH 10 91 + 13 132 + 9
CH3THBC3COOH 1000 122 ± 14 115 i 17
CH3THBC3COOH 10 116 ± 6 156 ± 3
PheTHBC3COOH 100 119 ± 8 153 ± 15
PheTHBC3C00H 10 104 ± 15 176 ± 8
Sa1THBC3C00H 100 110 ± 11 143 ± 20
Sa1THBC3C00H 10 113 ± 9 157 i 17
Note: (1) Results are presented as mean t S.D. tor three plates.
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CHAPTER 7
GENERAL DISCUSSION AND SUGGESTIONS FOR FURTHER WORK
7.1 GENERAL DISCUSSION
The present in v e s t i g a t i o n  confirmed the o r i g in a l  
p r e d ic t io n  (Fa r r -Jones , 1986) regard ing the poss ib le
formation o f  B-CCA during the smoking process and 
exper im enta l ly  proved the occurence o f  TH6C3COOH, 
H0CH3THBC3C00H and CH3THBC3C00H in smoked f o o d s tu f f s  o f  
animal o r i g in .  F a i lu re  to  d e tec t  H0CH2TH8C3C00H and 
CH3THBC3C00H in unsmoked but o therwise  s im i la r  products 
(Chapter 5) as w e l l  as h igher  TH8C3C00H concentrat ions in 
h e a v i l y  smoked samples compered w ith  s im i la r  but l i g h t l y  
smoked ones (Table 5.1, samples 6,7 compared with  8; Table
5.5 , samples 21, 27 compered w ith  28), ind ica ted  that the 
precursors g ly c o la ld e h y d e , aceta ldehyde and formaldehyde 
o r i g in a t e d  from the smoke. However, the presence o f  
THBC3C00H in unsmoked products o f  va ry ing  fermentat ion and 
maturation per iods such as herd cheese, sem i-dr ied  end dry 
salamis (Table 5.2, sample 34; Table 5.4, sample 18; Table
5.5 .  sample 29). r e v ea led  that  formaldehyde might a lso
o r i g in a t e  from m icrob ia l  or enzymatic a c t i v i t y  occuring 
during the fermentat ion and maturation process (Sect ion
I . 5 . 4 . 2 . ) .  M icrob ia l  s p o i la g e  might a lso  play a r o l e  in 
the production o f  t h i s  aldehyde. Sample 16 o f  smoked 
mortade l la  (Table 5 .4 )  e x h ib i ted  an unusually high
c o n c e n t r a t i o n  o f  THBC3C00H f o r  t h i s  t y p e  o f  p r o d u c t .  T h i s
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may have been due to  the in c ip ie n t  decomposit ion when i t  
was analysed because o f  i t s  s torage  f o r  a few days at room 
temperature by mistake.
I t  was observed that the concentrat ion  o f  THBC3C00H 
w ith in  the same smoked product was always much h igher than 
that o f  H0CH2THBC3C00H and CH3THBC3C00H (Tables 5 .1 -5 .5 ) .  
This was probably due to  the high r e a c t i v i t y  o f  the 
precursor aldehyde with  f r e e  tryptophan. under the ra ther  
favourable  cond it ions  o f  the product (low pH va lue ,  ra ised  
temperature) during the smoking process. Besides,
formaldehyde is  a major cons t i tuen t  o f  smoke a ldehydic 
f r a c t i o n  and has been found in smoke at l e v e l s  o f  up to 
200mg per 100 g o f  wood and at concentrat ions o f  up to  50 
mg/kg in smoked meats (Toth & Po t thas t ,  1984), although 
t h e i r  usual content does not exceed 10 mg/kg o f  product. 
The formaldehyde content o f  the outer layers  i s  always 
h igher  and in some cases may reach l e v e l s  o f  120 mg/kg 
(Grau, 1969) or even h igher  (Cantoni e t  a l ,  1987). Also, 
due to  i t s  high v o l a t i l i t y  and low molecular weight,  
formaldehyde penetra tes  and d i f fu s e s  from the outer  layer  
towards the i n t e r i o r  o f  the product f a s t e r  than any other 
aldehyde, f a c i l i t a t i n g  i t s  contact w ith  var ious r e a c t i v e  
compounds. Predominance o f  THBC3C00H over CH3THBC3C00H 
has a lso  been c i t e d  in beer in an e a r l i e r  repor t  (Bosln et 
a l ,  1986), d esp i t e  that the average formaldehyde 
concentrat ion  o f  0.70 mg/kg in i t  (Lawrence & Iyengar,
1983) is  g e n e ra l l y  lower than that o f  aceta ldehyde, which 
was found to  range from 2.6 to  13.5 mg/1 (Delcour et  a l ., 
1982). A s im i la r  d iscrepancy between the r e l a t i v e
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concentrat ions o f  TH8C3COOH, CH3TH8C3C00H and those o f  
t h e i r  precursor aldehydes might probably e x i s t  in smoked 
meat products although, to  our knowledge, there are not 
any data a v a i l a b l e  on t h e i r  acetaldehyde content. 
Besides, the predominance o f  acetaldehyde over 
formaldehyde in smoke o r i g in a t in g  from var ious spec ies  o f  
wood is  qu ite  obvious in Table 8.1.
TABLE 7.1
Formaldehyde and aceta ldehyde contents of smoke 
o r i g in a t in g  from d i f f e r e n t  wood spec ies  (Toth & Potthast ,
1984).
g o f aldehyde o r i g in a t in g from 100 g o f sawdust
FormaIdehyde AcetaIdehyde
spruce 0.21 1.15
pine 0.20 1.00
acacia 0.11 0.81
oak 0.14 0.63
beech 0.15 0.66
white beech 0.16 0.65
Fermented, dry salamis, due to  t h e i r  su i tab le  m i l ieu  
( e . g .  low pH va lues ,  occurence o f  f r e e  tryptophan) in 
conjunction with  t h e i r  long maturation times (sec t ion  
1 .5 .4 .1 )  during which formation o f  8-CCA e a s i l y  takes
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p lace ,  exh ib i ted  the h ighest  l e v e l s  o f  TH8C3COOH which 
ranged from 0.86-22.63 mg/kg (Table  5 .5 ) .  These va lues 
were comparable to  those found in beer (2.06-10.86 mg/1)
and wine (0-1.70 mg/1) by o ther  in v e s t i g a t o r s  (Bosin e t
al,, 1987) . Cured meats, pasteur ised  comminuted meat 
products, f i s h  and cheese contained much lower 
concentrat ions ranging from 16 to  680 pg/kg.
CH3THBC3C00H ranged from 0 to  881 pg/kg in the 
samples examined. Concentrations were h igher  in smoked 
fermented products and were comparable to  those c i t e d  f o r  
beer  (320-4,240 pg/1) but never reached the hundreds o f
mg/kg l e v e l s  found in soy sauce, f i s h  sauce, bean paste or 
wine (Table 1 .5 ) .  This product was e i t h e r  absent from 
smoked cured meats or i t s  concentrat ion  in them was below 
the de te c t ion  l im i t .
H0CH2TH8C3C00H was i s o l a t e d  f o r  the f i r s t  time from 
foods,  so fa r .  The corresponding n i t r o sa ted  th i a z o l i d in e  
product (2 -h yd roxym ethy l~n i t roso - th ia zo l id ine -4 -ca rboxy1 ic  
ac id )  has been i s o la t e d  from smoked cured meats in amounts 
o f  up to  1-2 mg/kg (Masey e t  a l . ,  1985). In the current 
study, the l e v e l s  o f  H0CH2THBC3C00H were h igher  in 
fermented products ranging from 38 up to  444 pg/kg (Table 
5 .5 ) ;  cured meats and pasteur ised  meat products contained 
much lower l e v e l s  ranging from 0 to  35 pg/kg. The 
r e l a t i v e l y  low concentrat ions o f  th is  compound in a l l  the 
samples examined, are cons is ten t  w ith  the reduced 
r e a c t i v i t y  o f  g l y c o l  aldehyde with  tryptophan which 
requ ir e s  more d r a s t i c  cond it ions  than formaldehyde and 
acetaldehyde fo r  the production o f  the corresponding B-CCA
-  197 -
A thorough study o f  Tables 5 .1 -5 .5  revea led  that no 
d e f i n i t e  c o r r e la t i o n  e x i s t s  between the concentrat ion  o f 
e i t h e r  H0CH2THBC3C00H or CH3TBC3C00H and the pH value o f  
the product or smoke d en s i ty  (as judged o r g a n o l e p t i c a l l y ) ,  
f a c t o r s  which seemed to  a f f e c t  so much the concentrat ion  
o f  TH8C3COOH in the same products (s e c t ion  5 .4 ) .  The only 
ex lpanat ion  that  can be o f f e r e d  i s  that due to t h e i r  
h igher  molecular we igh ts ,  HOCH2CHO end CH3CHO can not 
penetra te  through the surface  la ye r  and d i f f u s e  towards 
the centre  o f  the product as e a s i l y  as formaldehyde does. 
I f  so, then formation o f  corresponding B-CCA might take 
p lace  only on the sur face  o f  the product. Thus, the 
formation o f  these compounds might depend on loca l  
cond it ions  of the sur face  la ye r  such as moisture content, 
pH va lue and ex is ten ce  o f  i n h ib i t in g  compounds. Curing 
smoke content o f  aceta ldehyde and g lyco la Idehyde  depending 
on the type o f  wood and the cond it ions  o f  smoke genera t ion  
as w e l l  as the cond i t ions  o f  the smoking process 
( temperature, smoke f low  r a t e ,  e t c ) ,  might a lso  play an 
important r o l e  in the la rg e r  f lu c tu a t ion s  o f  
HOCH2THBC3COOH and CH3THBC3C00H observed in the samples 
examined.
A care fu l  in v e s t i g a t i o n  o f  the d i s t r ib u t i o n  o f  B-CCA 
throughout the mass o f  the salami may v e r i f y  the previous 
assumption and fu r ther  e lu c id a t e  the cond it ions  favouring 
the formation o f  these compounds in smoked products. 
Moreover, i t  would be in t e r e s t in g  to  study the e f f e c t  o f  
va r ious  ad d i t i v e s  present in these products such as
( s e c t  i o n  2 . 3 . 1  C) .
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ascorb ic  ac id ,  g lu c o n o -d e l ta - la c t o n e , polyphosphates or o f  
the moisture content on the formation o f  B-CCA. High fa t  
content o f  the product must be unfavourable f o r  the 
formation o f  THBC3C00H because such products contain very  
low concentrat ions o f  formaldehyde (Grau, 1969) and o f  
f r e e  tryptophan (Table 5.1, sample 9 ) .
The occurence o f  SelTHBC3C00H and PheTHBC3C00H was 
not d e f i n i t e l y  proved in the samples examined. Peaks with 
the same re t e n t io n  time emerging in the chromatograms o f  a 
few smoked, dry salamis were d i f f i c u l t  to  i d e n t i f y  due to  
the high background noise o f  these chromatograms at the 
same reg ion .  S im i la r  peaks obtained fo r  three  smoked 
cured meat products corresponded to  unusually high 
concentrat ions .  Taking in to  account the low r e a c t i v i t y  o f  
benzaldehyde and sal icy la ldehyde  as w e l l  as the absence o f  
these peaks from chromatograms obtained by UV d e te c t io n ,  
i t  was decided that  an unequivocal assignment was not 
p o s s i b l e .
Although there e x i s t s  a cons iderab le  amount o f  
in formation  about the b i o l o g i c a l  e f f e c t s  o f  t e t rahydro-B -  
ca rbo l in es  ( f r e e  bases ) ,  ve ry  l i t t l e  is  known about 
te t rah yd ro -B -ca rb o l ino ca rb oxy l i c  ac ids.  The most important 
e f f e c t  known so f a r  probably is  th e i r  d i r e c t  mutagenic 
a c t i v i t y ,  a f t e r  n i t r o s a t io n .  towards TA-100 and to  a 
l e s s e r  degree TA-98 s t ra in s  o f  Salmonella typhimurium. 
which has a lready  been discussed in sec t ion  6 .1 .1 .  
CH3THBC3COOH was found to  posses ra ther  in termediate  
mutagen precursor a c t i v i t y  ( lmg induced a f t e r  n i t r i t e  
treatment 17,400 h i s t id in e  re ve r tan ts  in s t ra in  TA-100 and
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in the absence o f  S9 mix) whereas 2N-Me-CH3TH8C3C00H was 
ten times more a c t i v e  (Ochia i et  a l . ,  1986). In con tras t ,  
CH3THBC f r e e  base showed under the same cond it ions  weak 
a c t i v i t y  only (4,900 re ve r tan ts/m g ) . Lin et  a l .  (1986) 
repor ted  that a f t e r  n i t r o s a t i o n  TH8C3COOH induced 28,000 
h i s t i d in e  revertants/mg, being tw ice as mutagenic to  TA- 
100 s t r a in  as n i t r o s a t e d  CH3THBC3C00H which induced 13,000 
revertants/mg. In a f a i r l y  recent  in v e s t i g a t i o n  (Bosin et  
a l . ,  1987), THBC3C00H was found to cause a s i g n i f i c a n t  
decrease in the blood l e v e l  o f  5-hydroxytryptamine as w e l l  
as in the amount o f  tryptophan, d isp la c in g  i t  from the 
albumin binding s i t e s .  This e f f e c t  was fo l low ed  by an 
increased uptake and a v a i l a b i l i t y  o f  tryptophan in  the 
bra in  and probably o ther  t i s su es .  Other indo les  such as 5- 
hydroxy-tryptophen end 5 -h yd roxy - in d o le -a c e t ic  ac id ,  a lso  
increased in the bra in  end a l l  these changes may have 
s i g n i f i c a n t  neurochemical e f f e c t s  on the cen tra l  nervous 
system.
Te trahydro -B -carbo l ines  were a lso  i d e n t i f i e d  as 
s e l e c t i v e  monoamine oxidase-A  in h ib i t o r s  (Manabe et e l . ,  
1988) w ith  IC«5o=5|jM ( IC50 is  the concentrat ion  o f  
h e t e r o c y c l i c  amine requ ired  to  cause 50 % i n h ib i t i o n  o f  
the metabolism o f  10.4 pmole/l o f  5 -hydroxytryp tam ine ) . So 
fa r ,  nothing is  known about the B-CCA, but i t  i s  poss ib le  
that i f  they behave in a s im i la r  manner due to  t h e i r  
s im i la r  chemical s t ruc tu re ,  they may be s i g n i f i c a n t  in 
s i tu a t io n s  where i t  i s  known that the metabolism o f  
b iogen ic  amines is  d is turbed .  I t  is  a lso  p oss ib le  that 
they may have a r o l e  in the a e t i o l o g y  o f  scombroidism
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where impaired c learance o f  histamine could be a f a c to r .
Considering the l e v e l s  o f  B-CCA found in a l l  the
analysed products, i t  is  obvious that smoked dry,
fermented. salamis are more l i k e l y  to  be assoc ia ted  with 
such e f f e c t s ,  i f  they indeed occur.
7-2 SUGGESTIONS FOR FURTHER WORK
Taking in to  account s ec t ion  7,1 and Appendix I the 
f o l l o w in g  suggest ions f o r  fu r ther  work could be made:
1) M o d i f i c a t ion  o f  the method developed by Bosin (Appendix
1) to  be su i tab le  f o r  the ana lys is  o f  s o l i d  foods.
Comparison o f  th is  method w ith  optimised method I I
deve loped during the present in v e s t i g a t i o n .
2) I s o l a t i o n  o f  s u f f i c i e n t  q u an t i t i e s  o f  B-CCA from smoked 
samples employing a p repa ra t iv e  HPLC column and d e f i n i t e  
i d e n t i f i c a t i o n  o f  these compounds by record ing  t h e i r  mess 
s p e c t r a .
3) D is t r ib u t io n  pa tterns  o f  B-CCA and t h e i r  precursor 
aldehydes throughout the mass o f  dry salamis.
4) E f f e c t  o f  var ious  product parameters such as water 
a c t i v i t y ,  ion ic  s t reng th ,  temperature during the smoking 
process,  presence o f  an t iox idan ts  such as ascorb ic  ac id  or 
a c i d i t y  r e gu la to rs ,  on the formation o f  B-CCA.
5) Examination o f  smoked dry fermented salamis f o r  
mutagenic response in the Salmonella typhimurium t e s t .  
Development o f  a s u i t a b le  e x t ra c t ion  method f o r  B-CCA 
n i t r o s a t i o n  products,  and examination o f  the ex t rac ts  
obta ined, f o r  mutagen ic ity  in the same t e s t .
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6) P h y s io lo g ica l  e f f e c t s  and poss ib le  co-mutagenic 
p r o p e r t i e s  o f  B-CCA should a lso  be in v e s t i g a ted .
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APPENDIX I
During the development o f  opt imised method I I ,  Bosin
(1985) published a method f o r  the determination o f 
TH8C3COOH and CH3TH8C3C00H ( c i s  & trans isomers) in beer 
and wine. The method invo lved  d e r i v a t i s a t i o n  o f  these 
compounds by methyl ch loro formete  (C1C02CH3 ) . e x t ra c t io n  
o f  the carbamates obtained by dichloromethane and t h e i r  
subsequent separa t ion  and measurement by HPLC in 
conjunct ion with f luorescence  d e te c t io n .  Besides, due to  
the r e a c t io n  o f  C1C02CH3 w ith  the amino ac id  precursors o f  
B-CCA present in the sample under formation o f  the 
corresponding carbamates, the author claimed that  the 
formation o f  a r t i f a c t s  during the sample work-up was 
prevented and e l im ina ted .
Because o f  time cons tra in ts  i t  has not been p oss ib le  
to  in v e s t i g a t e  whether Bos in 's  method or some m od i f i c a t ion  
o f  i t  would be super io r  to  the opt imised method I I .
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APPENDIX I I
SYNTHESIS AND CHARACTERISATION OF 4 . 5 . 6 . 7-TETRAHYDRO-1H- 
IMIDAZO [4.5-C1 PYRIDINE-6-CARBOXYLIC ACIDS (SPINACINES)
INTRODUCTION
Spinacines were synthesised by condensation o f  
h i s t i d in e  with var ious aldehydes in weakly bas ic  medium. 
The r e a c t io n  proceeds v ia  the formation o f  an in termediate  
S c h i f f ' s base which fu r ther  c y c l i s e s  to  form the f in a l  
d i c y c l i c  product.  In Figure 1.8 i t  is  shown that the ra te  
o f  sp inacine formation may be increased by increas ing  the 
pH o f  the so lu t ion .  However, competing processes such as 
aldehyde s e l f  condensation ere a lso  favoured under these 
cond it ions  and reduce the y i e l d  obtained. A l i t e r a t u r e  
survey r e vea led  that the optimum pH f o r  the syntheses 
ranges between 7 and 10 and v a r i e s  depending on the 
s t ruc tu re  o f  the aldehyde used. The lack o f  e l e c t r o -  
p h i l i c i t y  o f  the in termediate  imine molecule, which 
depends on the high e le c t r on  donating a b i l i t y  o f  the 
aldehyde moiety in i t ,  is  a lso  a l im i t in g  f a c t o r  which may 
a f f e c t  the r e a c t io n  ra te  and the y i e l d  o f  the synthesised 
p roduc t .
C y c l i s a t io n  o f  the in te rm ed ia te ly  formed S c h i f f ' s  
base invo lves  the in troduct ion  o f  a new asymmetry centre  
in the L -h is t id in e  molecule.  There fo re ,  a mixture o f  two 
d iastereomers should be expected to  d e r iv e  from a l l  
syntheses with the except ion  o f  formaldehyde d e r i v a t i v e s .
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As with  B-CCA. tw is t  cha ir  conformers A ( c i s )  and C (t rans )  
are the most s tab le  (C ese l la  & G u l l o t i ,  1981).
CO O H
C 1 S
-CO O H
H
H
C O O H
TRANS
FIGURE I .  Poss ib le  tw is t  cha ir  conformations f o r  c i s  and 
trans  isomers o f  L~4 ,5 , 6 , 7 - te t rahydro - lH - im idazo  [4 ,5 -c ]  
p y r id ino-6 -carboxy1 ic  ac ids .
MATERIALS
As described in 2.2.
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METHODS
Syntheses
A. Spinacine or 4 , 5 . 6 . 7 -Te trahydro - lH - im idazo [ 4 . 5 - c ] 
p y r id in e -6 -ca rboxy1 ic  ac id .
Spinacine was synthes ised  according to  the method o f  
Neuberger (1944). H is t id in e  f r e e  base (3.88^0.025 mole) 
was d is so lv ed  in 100ml water and formol ( 1 . 95ml^0.025 
mole) was s low ly  added to  the so lu t ion .  The mixture was 
incubated f o r  2 days w ith  mechanical s t i r r i n g  at 37‘ C and 
pH 7.3. On c h i l l i n g  to  0°C a white  c r y s t a l l i n e  product 
formed a f t e r  a few minutes and was f i l t e r e d  o f f  by 
suct ion .  A f t e r  washing the f i l t e r  w ith  ether  i t  was 
f i r s t l y  r e c r y s t a l l i s e d  from water and then from a mixture 
o f  water-e theno l  to  y i e l d  1.71g o f  white c r y s t a l l i n e  
sp inac ine  ( y i e l d  41%). The product melted with
e f f e r v e s c e n c e  at 217°-219°C a f t e r  so f ten ing  at ^208°C.
B) Phenyl spinacine or 4-Pheny1 -4 .5 ,6 ,7 -Tetrahydro- lH -  
imidazo ( 4 , 5-c]  p y r id in e -6 -ca rboxy1 ic  acid
FIGURE I I .  Molecular s tructure
o f  spinacine (MW 167.17)
FIGURE I I I .  Molecular s t ructu re  o f
p h e n y l - s p i n e c i n e  (MW 2 4 3 . 2 7 ) .
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Phenyl spinacine was synthesised according to  the 
method o f  W i l l e ,  (1969). To a s o lu t ion  o f  6 .29g o f 
h i s t i d in e  monohydrochloride monohydrate (0.03 mole) in 
50ml water,  a so lu t ion  o f  3 . 37g KOH (0.06 mole) in 50ml 
water and 3.71g (0.035 mole) o f  f r e s h ly  d i s t i l l e d
benzaldehyde d is s o lv e d  in 50ml ethanol was added. The 
re su l ta n t  so lu t ion  (pH~'10) was s t i r r e d  under r e f lu x  f o r
four  hours. coo led  and the so lven t  volume reduced in a
r o ta r y  evaporator .  The pH was adjusted to  6, and upon 
standing overn igh t  in the r e f r i g e r a t o r ,  a white 
p r e c ip i t a t e  formed. This was separated by f i l t r a t i o n  and 
washed with ethanol to  y i e l d  the c i s  isomer (high m .p . ) .
The f i l t r a t e  was c o l l e c t e d  and a f t e r  add i t ion  o f  absolute
ethanol a new p r e c ip i t a t e  was formed. The mixture was 
c h i l l e d  on ic e  and f i l t e r e d  to  obta in  the trans isomer 
( low  m .p . ) .  Both the isomers when t e s t ed  w ith  ninhydrin 
were shown to  contain h i s t i d in e .  They were p u r i f i e d  by 
r e c r y s t a l l i s a t i o n  from water ( trans isomer) or a mixture 
o f  methanol-water ( c i s  isomer) .  M.p.:  The c i s  ‘ isomer
melted with e f f e r v e s c en ce  at 247°-248aC a f t e r  s o f t en in g  
end darkening at 240°C. The trans isomer melted with  
e f f e r v e s c e n c e  at 205°-206aC.
In a second attempt to  synthes ise  the phenyl 
d e r i v a t i v e s  e x a c t l y  the same cond it ions  were used. A f t e r  
c o o l in g  the r e a c t io n  mixture, concentrat ion  under vacuum 
end a c i d i f i c a t i o n .  a white p r e c ip i t a t e  was c r y s t a l l i s e d  
out. The mixture was c h i l l e d  in an ice  bath and the white 
p r e c i p i t a t e  was f i l t e r e d  o f f  to  a f f o r d  both c i s  and trans 
isomers. By fu r th e r  concentrat ing  and c h i l l i n g  the mother
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l i q u o r ,  a small quant i ty  o f  the low m.p. trans isomer was 
p r e c ip i t a t e d .  M.p . :  The f i r s t  p r e c ip i t a t e  a f t e r  so f t en ing  
and darkening at 205°C melted with  e f f e r v e s c en ce  at 223°- 
224°C i . e .  at temperature lower than that o f  c is  isomer o f  
the previous synthes is .  The second p r e c ip i t a t e  melted at 
205°-206°C i . e .  at the same temperature with the trans 
isomer o f  the prev ious synthes is .
C) Sa1 icy  1-sp inac ine  or 1 - t2/-Hydroxy-Pheny1 ] -4 ,5 ,6 ,7 -  
te t rahydro- lH - im idazo  [4 ,5 -c ]  py r id ine -6 -ca rboxy1 ic  
a c i d .
FIGURE IV. Molecular s tructure  o f  
Sa1i c y l - s p in a c in e  (MW 259.27).
Fresh ly  d i s t i l l e d  s e 1 icy la ld ehyde  ( 2 . 56g^0.021 mole) 
was d is so lved  in 50ml ethanol and 4.19g o f  h i s t id in e
monohydrochloride monohydrate (0.02 mole) in 50ml water
were s low ly  added w ith  v igorous  s t i r r i n g .  The pH was
adjusted to  7.2 w ith  a KOH so lu t ion  and the resu l tan t  
c l e a r  y e l low  so lu t io n  was continuously s t i r r e d  at 65°C. 
under a n itrogen  atmosphere. A f t e r  30h the reac t ion  
mixture was coo led ,  concentrated to  50ml in a ro ta ry
evaporator  and ex t rac ted  with  e ther  to remove excess 
s a 1 i c y la ld e h y d e . Upon c h i l l i n g  in an ice  bath, a white 
amorphous p r e c ip i t a t e  was separated. The product was 
c o l l e c t e d  by f i l t r a t i o n ,  washed with  ethanol,  
r e c r y s t a l l i s e d  tw ice  from water and d r ied .  Y i e ld :  14%.
COOH
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When heated i t  s t a r t e d  darkening and decomposing at 210°C. 
F in a l l y  i t  melted with  e f f e r v e s c en ce  at 219°-222°C. As 
shown by NMR spectroscopy i t  contained both the c i s  and 
trans isomers.
C r i t e r i a  o f  i d e n t i t y
Thin layer  chromatography was performed on 20 x 20 
s i l i c a  ge l  coated p la tes  without prev ious a c t i v a t i o n  in 
the oven. A mixture co n s is t in g  o f  n -bu teno l ; e th a n o l :water 
(280:73:139) was employed as mobile  phase. The products 
o f  the syntheses were d is s o lv e d  in water conta in ing  10% 
isopropanol and IOjjI o f  each so lu t io n  (4 pg/ml) was 
spo t ted  on the p la t e .  A f t e r  running, the spots were 
v i s u a l i s e d  e i th e r  w ith  ninhydrin as descr ibed f o r  B-CCA or 
by exposing the p la t e s  to  iod ine  vapour.
U ltra  v i o l e t  spectra  were recorded on a Varian Cary 
219 spectrophotometer using aqueous so lu t ions  o f  
sp inac ines .  M e l t ing  po in ts ,  mass spectra end proton NMR 
spectra  were obtained as f o r  B-CCA (s e c t io n  2 .3 .2 ) .
RESULTS AND DISCUSSION
As expected the ease and y i e l d  o f  the synthes is  was 
found to depend on the s t ructu re  o f  the aldehyde used. I t  
was shown that the most c r i t i c a l  f a c t o r  was not the 
e l e c t r o p h i1i c i t y  o f  the in termediate  S c h i f f ' s  base as 
e s tab l ished  fo r  B-CCA but the tendency o f  the aldehyde 
used to  undergo s e l f  condensation and po lym er isa t ion  at
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the r e l a t i v e l y  high pH value o f  the reac t ion  mixture. 
Thus. acetaldehyde which was h igh ly  r e a c t i v e  in the case 
o f  B-CCA. y i e ld e d  b lack ta rs  only a f t e r  severa l  hours o f  
treatment with a h i s t i d in e  s o lu t io n .  On the contrary,  the 
r e a c t io n  o f  formaldehyde with  h i s t id in e  was proved to be 
f a c i l e  and the only one which occurs under neutral or 
a c id i c  cond it ions (Guzman et  a l ,  1984). In the present 
in v e s t i g a t i o n  i t  was ca r r i ed  out su ccess fu l ly  under both 
cond it ions .  Benzaldehyde with  h i s t id in e  y i e ld e d  a mixture 
o f  two diastereomers which could be separated by simple 
c r y s t a l l i s a t i o n  from the r e a c t io n  mixture. As with B-CCA 
c i s  isomer was obtained in h igher  proport ion  than trans 
isomer. In the case o f  sa l  i c y 1 aldehyde, due to the 
s im i la r  s o l u b i l i t i e s  o f  the two d iastereomers ,  they 
c r y s t a l l i s e d  tog e the r  as is  ev ident  from the proton NMR 
spectra  (F ig .  V I I ) .
Thin layer  chromatography o f  the synthesised products 
prov ided a f i r s t  in d ic a t io n  o f  t h e i r  iminoac id ic  structure  
as w e l l  as o f  the formation  o f  two epimers w ith  d i f f e r e n t  
physicochemical p r o p e r t i e s .  Spinacine gave only one spot 
which could be v i s u a l i s e d  with ninhydrin (orange co lour 
a f t e r  heating et  100°C f o r  a few minutes) or with iod ine 
vapour. I t  d id not f lu o re s c e  under i r r a d ia t i o n  at 254 or 
365nm. Rf 0.114. Phenyl sp inacine gave two spots. The 
f i r s t  one with Rf 0.314 corresponded to  trans isomer and 
developed a grey  co lour a f t e r  v i s u a l i s a t i o n  with 
ninhydrin. Moreover i t  was f lu o rescen t  under i r r a d ia t i o n  
et  254 and 365nm. The second spot with Rf 0.328 
corresponded to c i s  isomer and with ninhydrin developed a
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y e l l o w  co lour .  I t  d id  not f lu o r e s c e .  Both o f  the spots 
were p o s i t i v e  to iod ine  vapours. The ir  i d e n t i f i c a t i o n  was 
p o ss ib le  by running s ep a ra te ly  c i s  and trans isomers on 
the same p la t e .  S a l i c y l  sp inac ine a lso  gave two spots 
w i th  R f i  0.35 (red  co loured )  and R f2 0.41 r e s p e c t i v e l y .  
They were v i s u a l i s e d  with  ninhydrin (both o f  them 
developed a y e l l o w  co lour  a f t e r  heat ing  fo r  a few minutes 
at 100°C) or w ith  iod ine  vapour. Under i r r a d ia t i o n  at 256 
or 365nm they d id  not f lu o r e s c e .
U l t r a - v i o l e t  spectra  d isp layed  an intense absorpt ion 
band in the re g ion  185-230nm (shoulder at 206 or 210 nm 
f o r  s a l i c y l  s p in a c in e ) .  S a l i c y l  sp inacine presented an 
a d d i t io n a l  weak absorbance at 260-290 nm (Xmax at 277; 
F ig .  V . ) .  Absence o f  azomethine absorpt ion  bands at 350- 
400 nm as in the case o f  B-CCA confirmed the c y c l i s a t i o n  
o f  in te rm ed ia te ly  formed S c h i f f ' s  bases. The molar 
e x t in c t i o n  c o e f f i c i e n t s  o f  each compound at var ious  wave­
lengths are g iven  in Table I .
Mass spectra  included a l l  o f  the i on ic  fragments 
expected to d e r i v e  from the main fragmentation pathway o f  
each compound.
j
T  [ T Y " 0 0 ^  - C O O  H  _ H j C  I p 'N  - C H = N H  H N ------------
167(molecular ion) 122 94(base peak)
 , ±   i+
2
- C O O H  - C H
243(molecular ion) 198 170
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3 )
-CH=NH-COOH
259(molecular ion)
However due to t h e i r  hydrophi1i c i t y  and consequently 
high water content the r e l a t i v e  abundance o f  H20^ in them 
was unexpectedly high. In the case o f  s a l i c y l  spinacine 
i t  was so high that the molecular ion and the f i r s t  two 
fragments, were jus t  d is t in gu ish ab le  from the background 
(F ig .  V I ) .  There was a lso  evidence o f  im pur it ies  and 
fu r th e r  p u r i f i c a t i o n  o f  the sample was requ ired  in order 
to obta in  a r e l i a b l e  mass spectrum.
Proton NMR spectra were less  complicated than those 
o f  B-CCA and were used e f f e c t i v e l y  f o r  the stereochemical 
assignment o f these products (F ig .  V I I ) .
Spinacine: (Taken in D20 in t e r .  r e f .  DSS) S: 7.74 ( lp r ,
s, C-2 H); 4.29 (2pr, s, C-4 H ) ; 4.17, 4.11, 4.06, 4 ( l p r ,
dd, C-6 H ) ; 3.44, 3.38, 3.25, 3.19, 3.12, 3, 2.93, 2.82
(2pr, m. C-7 H ) .
Phenyl sp inac ine:  a) c i s  (Taken in TFA-d. in t e r ,  r e f .  TMS) 
S: 8.93 ( l p r ,  s, C-2 H ) ; 7.64-7.46 (5pr, m, C-ar. H ) ; 6.51 
( l p r ,  s, C-4 H ) ; 5.12, 5.03. 4.96 ( lp r ,  t r . C-6H); 4.1, 4, 
3.92, 3.8, 3.7, 3.61 (2pr, m, C-7 H ) . b) trans (Taken in 
TFA-d in te r .  r e f .  TMS) 5: 8.88 ( lp r .  s. C-2 H) ; 7.60-7.46 
(5pr, m. C-ar. H ) ; 6.17 ( l p r ,  s (broad) .  C-4 H ) : 5.13
( l p r ,  s (broad ) ,  C-6 H ) : 4.09-3.91 (2pr. m. C-7 H) c)
D iastereomeric  mixture (Taken in TFA-d in te r ,  r e f .  TMS) 5:
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( l p r ,  s, C-4 H c i s ) ,  6.22 ( l p r ,  s (broad ) ,  C-4 H t ra n s ) ;  
5 .23-5.04 ( l p r ,  dd not w e l l  r e so lv ed .  C-6 H ) ; 4 .1 -3 .94
(2pr, m, C-7 H ) .
S a l i c y l  sp inac ine:  (Taken in D20. in t e r ,  r e f .  DSS) 5; 7.83
( l p r .  s, C-2 H c i s ) ,  7.74 ( l p r ,  s, C-2 H t r a n s ) ;  6.05 
( l p r ,  s, C-4 H c i s ) .  5.83 ( l p r .  t .  C-4 H t r a n s ) ;  7.48-7.22 
(4pr, m. C-ar. H) . 7.04-6.89 (4pr. m. C-ar. H) ; 4.33,'
4.27, 4.2, 4.14 ( l p r .  dd, C-6 H ) . 4.09, 4.03, 3.99, 3.93
( l p r ,  dd. C-6 H ) ; 3 .5-3.12 (2pr, m, C-7 H ) . Where, s
s i n g l e t ,  d doublet ,  dd double doublet ,  t r  t r i p l e t ,  q 
qu ar te t ,  m m u l t ip l e t .
The presence o f  a s in g le  im idazo le  r in g  proton s igna l  
f o r  a l l  o f  the compounds as w e l l  as o f  a s igna l  near 5 6
ppm corresponding to  a saturated C-4 H group provided good 
ev idence f o r  t h e i r  c y c l i c  s t ruc tu re .  Moreover, and 
s i m i l a r l y  to  6-CCA, a l l  the spectra lacked resonances 
corresponding to  -CH=N- protons thus in d ica t in g  the 
absence o f  S c h i f f 1s base im pur i t ie s .  The spectra  o f  
s a l i c y l  and phenyl spinacine (d ias te reom er ic  mixture)  
e x h ib i t e d  two resonances corresponding to  C-4 H proton. 
The f i r s t  one was located at h igher  f i e l d  and was long 
range coupled w ith  7-CH2 protons suggest ing  that i t  was 
l inked  to an equato r ia l  p o s i t i on  and th e re fo re  
corresponded to  trans diastereomer (F ig .  V I I ) .  The second 
one located  in lower f i e l d  was a s in g l e t  and was 
a t t r ib u t e d  to  c i s  isomer. Protons C-2 H and C-6 H a lso  
ex h ib i t e d  two sets  o f  resonances fu r th e r  conf irming the 
formation o f these spinacines as a mixture o f  two C-4
8 . 9 4  ( l p r ,  s .  C-2  H ) ; 7 . 6 4 - 7 . 4 9  ( 5 p r ,  m, C - a r .  H ) ; 6 .5 3
-  238 -
epimers (Case l la  & G u l l o t i ,  1981).
TABLE I
Molar e x t in c t io n  c o e f f i c i e n t s  o f  sp in a c in e s <15 at var ious 
w ave leng ths .
e v a l u e s
wave- -------------------------------------------------------------------- --------------
length  Phenyl sp inacine
spinacine -----------------------------------  S a l i c y l
d iastereom e- spinacine
c is trans r i c  mixture
276 2,350
230 7,060
220 5,050 15,560 11,500 13,000 16,950
210 6,400 26,000 21,000 24,500 21,400
206 6,450 29,400 25,000 28,300
200 6,800 33,500 29,000 30,600 55,900
194 7,400
Notes: 1) The compounds were dissolved in water.
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W A V E L E N G T H  ( n m )  W A V E L E N G T H  ( n m )
W A V E L E N G T H  ( n m )
FIGURE V Ultra violet spectra of: a) spinacine, Amax 194 nm; b) 4-phenyl-spiDacine (diastereomeric 
mixture), Amax 189 nn; c) 4-salicyl-spinacine (diastereomeric mixture), Amax 194 nm; The compounds 
were dissolved in water. Concentrations: (a) 60 pH: (b) 16 pH; (c) 17 pH.
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TABLE I I
R e la t i v e  abundance and mess o f  the main ion ic  fragments o f  
sp in a c in e s .
Spinacine Phenyl Spinacine S a l i c y l  Spinacine
m/e % base peek m/e % base peak m/e % base peak
167 38 243 26 259 3
122 71 198 62 213 11
94 100 196 32 94 27
44 30 170 45 82 18
32 23 169 58 44 52
28 79 120 40 28 15
18 41 44 32 18 100
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18 100
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FIGURE VI Hass spectra of: spinacine (a); 4-phenyl-spinacine (b); 4-salicyl-spinacine(c);
Hass spectrometric conditions: inlet, temp. 190*0 (a), 30*C (b), 30'C (c); ion source temp., 250*0 
(a), 280*0 (b), 280*0 (c); electron energy: 70 eV.
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FIGURE VII NMR spectra of: a] cis 4-pbenyl-spinacine (in TFA-d. inter, ref. TMS); b) trans 4- 
phenyl-spinacine (in TFA-d, inter, ref. TMS); c) epineric 4-phenyl-spinacine (in TFA-d. inter, 
ref. TMS); d) spinacine (in Da0, inter, ref. DSS); e) epimeric 4-salicyl-spinacine (in Da0, inter, 
ref. DSS).
